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The West Antarctic rift system is one of the most expansive regions of extended continental 
crust on Earth, but relatively little is known about the structure of the mantle lithosphere in this 
region. This research aims to examine a suite of ultramafic mantle xenoliths from several 
volcanic centers located throughout Marie Byrd Land, West Antarctica. Through the use of 
several complementary analytical methods, the deformational and compositional heterogeneity 
of the lithospheric mantle in this region is characterized. 
The Marie Byrd Land xenoliths have equilibration temperatures between 779 and 1198°C, 
which is a range that corresponds to extraction depths between 39 and 72 km. These samples 
preserve significant mineralogical and microstructural heterogeneities that document both 
lateral and vertical heterogeneities within the Marie Byrd Land mantle lithosphere. The modal 
mineralogy of spinel peridotites varies between 40 – 99% olivine, 0 – 42% diopside, 0 – 45% 
enstatite and 0 – 5% chromite.  Minimum olivine grain sizes range from 60 to 110 µm and 
maximum olivine grain sizes range from 2.5 to 10.0 mm. The geometric mean grain size of 
olivine in these samples ranges from 100 µm to 2 mm and has an average of 694 µm. The 
geometric mean grain size of diopside ranges from 90 to 865 µm and has an average of 325 µm, 
whereas that of enstatite ranges from 120 µm to 1.2 mm and has an average of 625 µm. 
Comparatively, the pyroxenites contain 0 – 29% olivine, 29 – 95% diopside, 1 – 36% enstatite 
and 1 – 11% chromite. 
Deformation mechanism maps suggest that the olivine within the MBL peridotite xenoliths 
primarily accommodate strain through the operation of dislocation-accommodated grain-
boundary sliding at strain rates between 10-19/s and 10-11/s.  This is consistent with 
microstructural observations of the suite made using optical microscopy (e.g., deformation 
bands and subgrains in olivine; aligned grain boundaries between contrasting phases). 
Application of the olivine grain size piezometer indicates that the suite preserves differential 
stresses ranging from 0.5 MPa to 50 MPa, with mean differential stresses ranging from 4 to 30 
MPa. Values of mean differential stress only vary slightly throughout the field area, but generally 
decrease in magnitude towards the east with maximum values migrating upwards in the 
lithospheric mantle along this transect. The samples from some volcanic centers are highly 
homogenous with respect to their microstructural characteristics (e.g., Mount Avers – Bird Bluff), 
whereas others display heterogeneities on the sub-five-kilometer-scale (e.g., Demas Bluff). 
Comparatively, mineralogical heterogeneities are more consistent throughout the sample suite 
with variations generally being observed between the sub-five-kilometer-scale and the sub-ten-
kilometer-scale.  
Most samples within the MBL peridotite suite display axial-[010] or A-type olivine textures. 
Although less dominant, axial-[100], B-type and random olivine textures are also documented 
within the suite. Axial-[010] textures have J-indices and M-indices ranging from 1.7 – 4.1 and 
0.08 – 0.21, respectively. The average value of the J-index for axial-[010] textures is 2.9, whereas 
the average M-index of these samples is equal to 0.15. Overall, A-type textures tend to be 
stronger with J- and M-indices ranging from 1.4 – 9.0 and 0.07 – 0.37, respectively. The olivine 
crystallographic textures of the MBL xenolith suite are heterogeneous on scales that are smaller 
than the highest resolution that is attainable using contemporary geophysical methods, which 
implies that patterns of mantle flow and deformation are far more complex than these studies 
suggest.
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PREFACE TO THE THESIS 
 
The intent of this thesis is to assess the deformational and compositional heterogeneities 
preserved by a suite of young (ca. 1.4 Ma), chromite-bearing mantle xenoliths from Marie Byrd 
Land (MBL), West Antarctica. This is primarily accomplished through the acquisition and 
interpretation of electron-backscatter diffraction (EBSD) data, which allows for the 
crystallographic textures (i.e. crystallographic preferred orientations, CPOs) and mineralogical 
phases within the thin sections produced from the MBL xenoliths to be mapped and quantified 
(Section 2.4). Additional microstructural analyses are completed using optical and electron 
microscopy (Section 2.3). The research contained herein, which relies heavily on the EBSD data, 
has also been contributed to a co-authored manuscript submitted to the Journal of Geophysical 
Research (Chatzaras et al., in revision) and is therefore complementary. The entirety of the 
Chatzaras et al. (in revision) manuscript is Appendix A of this thesis. 
Chatzaras et al. (in revision) evaluate the effects of finite strain and fabric ellipsoid 
geometries on the development of crystallographic texture, whereas this thesis assesses the 
extent to which the lithospheric mantle beneath MBL is a heterogeneous body. The former 
research applies both high-resolution X-ray computed tomography (XRCT) and well-established 
geothermometers in order to place the xenolith samples into their deformational frame of 
reference and to quantify their equilibration temperatures (Sections 2.1 and 2.2). Chatzaras et al. 
(in revision) also determine the extraction depths for the MBL xenolith suite by constructing a 
geotherm for the region at the time of eruption that accounts for the ubiquitous presence of 
spinel (Section 2.2). 
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This complementary manuscript is imperative for assessing the heterogeneity within the 
lithospheric mantle of MBL (i.e. the purpose of this thesis) for two reasons: 1) the assessment of 
the spinel shape-preferred orientation (SPO) using XRCT allows for the production of oriented 
thin sections oriented with respect to the strain induced fabric (i.e. parallel to lineation and 
perpendicular to foliation), which are subsequently evaluated using polarized light microscopy, 
electron microscopy and EBSD (Sections 2.3 and 2.4), and 2) the quantification of equilibration 
temperatures and extraction depths allows for a three-dimensional characterization of mantle 
properties based on the distribution of xenolith samples throughout MBL. 
Likewise, the EBSD data collected as part of the research and described herein is imperative 
for characterizing the full range of CPOs preserved by the MBL xenolith suite (Section 2.4). These 
CPO data were critical to arriving at the conclusions presented in Chatzaras et al. (in revision). 
Furthermore, the results and conclusions surrounding the assessment of mantle heterogeneity 
beneath MBL are the subject of a co-authored manuscript that is currently in preparation.  
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1 INTRODUCTION TO THE THESIS 
1.1 AIM OF THESIS 
The purpose of this research is to investigate a diverse suite of recently exhumed (ca. 
1.4 Ma) ultramafic xenoliths sourced from several volcanic centers throughout Marie Byrd 
Land (MBL), West Antarctica in order to characterize the deformational and compositional 
heterogeneity of the lithospheric mantle in an actively-deforming region that has a 
protracted tectonic history (e.g., Siddoway, 2008). In turn, this investigation will inform on 
the scales of anisotropic mantle textures observed in geophysical studies of MBL. 
Furthermore, all assessments of naturally deformed mantle xenoliths are of great 
importance because they allow for direct comparisons to be drawn between the true 
conditions of deformation that control the generation of microstructures in a natural setting 
and the results of experimental deformation studies that aim to quantify the deformational 
conditions (e.g., water fugacity) that are thought to be responsible for the existence of 
various known patterns of olivine crystallographic texture (e.g., Karato et al., 2008, and 
references contained therein). The research objectives are addressed using results obtained 
by a variety of complementary methods, including: 
1. Optical microscopy is used to perform microstructural analyses of thin sections. 
Microstructural observations are used to infer the dominant deformation 
mechanism(s) operating within each xenolith sample based on the documented 
relationships that exist both between constituent mineral phases (i.e. forsterite, 
enstatite, diopside and chromite) and within individual mineral grains (e.g., the 
existence of dislocation walls). Microstructural analyses also allow for a 
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qualitative assessment of the structural and compositional heterogeneity that 
exists throughout the sample suite. 
2. Electron backscatter diffraction (EBSD) is a scanning electron microscope (SEM) 
based method that is used to quantify the crystallographic orientation and 
phase identity of the mineral grains that constitute a sample. These data are 
subsequently used to identify the crystallographic texture (i.e. crystallographic 
preferred orientation, CPO), textural strength, grain size distribution and 
relative abundance of each phase present in a sample. It must be brought to the 
attention of the reader that there is an important distinction made between the 
terms texture and fabric as they are discussed within the confines of this thesis. 
Specifically, texture refers to the crystallographic orientation of constituent 
mineral grains, whereas fabric describes their shape preferred orientation (SPO).  
3. Deformation mechanism maps (DMMs) are constructed and used in conjunction 
with the recrystallized olivine grain size piezometer (Karato et al., 1980; Van der 
Wal et al., 1993). The EBSD-determined grain sizes are subsequently used to 
infer the dominant deformation mechanisms that operated to accommodate 
strain in the sample, and to estimate the magnitude of differential stress it 
experienced prior to its entrainment and exhumation to Earth’s surface.  
1.2 DEFORMATION IN EARTH’S MANTLE 
1.2.1 Characteristic properties of mantle lithologies 
The lithospheric mantle is comprised of ultramafic tectonites (i.e. peridotites and 
pyroxenites) that accommodate strain through the operation of ductile deformation 
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mechanisms (i.e. dislocation creep and/or diffusion creep ± grain-boundary sliding). 
Peridotite – the dominant lithology of the Earth’s upper mantle above the transition zone 
(ca. 410 km; the depth at which olivine undergoes a phase transformation into wadsleyite) – 
is defined as a coarse-grained ultramafic rock containing at least 40% modal olivine 
commonly occurring with lesser amounts of clinopyroxene and/or orthopyroxene. Based on 
the relative proportions of these constituent minerals, peridotites are further classified as 
dunitic (>90% olivine), harzburgitic (<5% clinopyroxene), wehrlitic (<5% orthopyroxene), or 
lherzolitic (>5% both ortho- and clinopyroxene). Comparatively, pyroxenites contain less 
than 40% modal olivine by definition. These rocks are further classified as websterites, 
orthopyroxenites and clinopyroxenites (Le Maitre, 2002).  The rocks of the upper mantle 
also contain a minor mineral phase (i.e. plagioclase feldspar, spinel or garnet), the presence 
of which is controlled by pressure-sensitive subsolidus metamorphic reactions (e.g., Winter, 
2010). 
1.2.2 Methods of assessing mantle rheology 
As the most abundant and weakest mineral of the upper mantle, olivine exerts critical 
control over the rheology of the lithosphere (i.e. the quantitative response of such mantle 
rocks to the stress imposed by Earth’s internal driving forces). Several complementary 
approaches are commonly used to assess mantle rheology, including geophysical methods, 
experimental studies of olivine aggregates and field studies of naturally deformed mantle 
materials (i.e. ophiolite belts, alpine peridotite massifs and mantle xenoliths). There are 
limitations inherent to each of these approaches for understanding mantle deformation that 
can only be overcome through the comparison and integration of their results. 
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The characteristic anisotropy that defines the upper mantle – macroscopically 
observable using contemporary geophysical methods (e.g., shear wave splitting) – is 
commonly interpreted to result from the generation of CPO in olivine, which is thought to 
develop as olivine aligns with the direction of viscoplastic mantle flow. Consequently, such 
reports of anisotropy are used to infer the kinematics of global mantle flow patterns and to 
elucidate information regarding active tectonic processes (e.g., Nicolas and Christensen, 
1987; Mainprice, 2007; Bodmer et al., 2015). Despite the importance of such geophysically-
derived information, these methods provide a low-resolution snapshot of mantle structure 
that cannot inform on the complexities of mantle flow at the scales of heterogeneity 
observed in exhumed mantle sections (e.g., Warren et al., 2008; Toy et al., 2010; 
Kruckenberg et al., 2013; Skemer et al., 2013).  
Comparatively, experimental rock deformation studies constrain the rheology and 
microstructural (i.e. grain scale) response of the upper mantle by examining the patterns of 
olivine crystallographic texture that form in response to variations in important 
deformational parameters including, but not limited to: absolute temperature (T), confining 
pressure (P), differential stress (σ), strain rate (ε̇), modal mineralogy, grain size (d), melt 
fraction (φ), and water fugacity (ƒH2O). Based on the observed power law dependence of 
strain rate on differential stress, the rheology of olivine-rich lithologies is quantified (Brace 
and Kohlstedt, 1980; Kohlstedt et al., 1995; Hirth and Kohlstedt, 2003) using a flow law of 
the form: 
     (Equation 1) 
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where A is a the material constant for olivine, n is the stress exponent, p is the grain size 
dependency exponent, r is the water fugacity exponent, α is the melt fraction constant, E* is 
the activation energy, V* is the activation volume, and R is the ideal gas constant. The values 
for A, n, p, r and α have mostly been empirically derived through experimental rock 
deformation studies and it has been determined that their magnitudes are dependent on 
the operative deformation mechanism(s) within a sample (e.g., Hirth, 2002; Hirth and 
Kohlstedt, 2003; Hansen et al., 2011). Although experimental studies are imperative for the 
parameterization of mantle rheology, there is a significant difference between the rates 
observed in natural and experimental systems, which requires the extrapolation of data. 
Furthermore, it should be recognized that natural rock samples are almost always 
multiphase systems that exhibit significant variations with respect to the distribution of the 
constituent phases and their relative grain sizes, which is a variable that has yet to be 
thoroughly explored through experimental studies.  
The discrepancy between natural and experimental rates places heightened importance 
on the complementary information provided by field-based studies of exhumed mantle 
rocks. Although such samples are relatively rare, they provide invaluable information in the 
form of preserved microstructural features formed in a natural setting, which can be 
interpreted to understand the deformational processes behind their generation. Such field 
studies increasingly document that the lithospheric mantle is structurally and 
compositionally heterogeneous across a wide range of spatiotemporal scales (e.g., Warren 
et al., 2008; Skemer et al., 2010; Webber et al., 2010; Newman et al., 2011; Chatzaras et al., 
2015). These studies also emphasize the role of heterogeneities on strain localization 
mechanisms in the upper mantle, which affect lithospheric strength and have implications 
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for tectonic processes. Unlike ophiolites and alpine peridotites, which commonly experience 
tectonic overprinting during obduction or exhumation, mantle xenoliths in actively 
deforming regions preserve primary microstructures developed under deformation 
conditions characteristic of the lithospheric mantle. Their rapid ascent minimizes 
modification of crystallographic textures and/or mineral chemistries, thus preserving 
information about the mantle conditions from which they were extracted. This offers the 
unique opportunity to assess the deformation conditions within the upper mantle and the 
resultant crystallographic textures that form in response to changes in conditions or during 
strain localization. Xenolith samples are also advantageous in the sense that they inform on 
the spatial scales of mantle heterogeneity owing to the simple fact that they are derived 
from different depths and source regions. Together with insights gained from other 
methods, analyses of xenolith samples can be used to constrain variations in mantle 
rheology in tectonically active portions of the lithosphere (e.g., Behr and Hirth, 2014, 
Chatzaras et al., 2015), as is outlined in the subsequent methodology (Chapter 2). 
1.2.3 Olivine deformation mechanisms and associated microstructures 
During high-temperature ductile mantle flow, mineral grains change shape while 
maintaining cohesion at the grain scale. At the grain scale, intracrystalline deformation 
mechanisms accommodate strain by effectively altering the shape of mineral grains. 
Specifically, olivine-rich rocks in the mantle are known to deform by dislocation creep (i.e. 
the movement of linear defects in the lattice) or by grain boundary sliding (GBS), with the 
latter being accommodated either by diffusion (i.e. diffusion creep) or the movement of 
dislocations in adjacent grains, which is known as dislocation-accommodated grain 
boundary sliding (disGBS) (e.g., Hirth and Kohlstedt, 2003; Toy et al., 2010; Hansen et al., 
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2012). The activation of different deformation mechanisms is associated with the formation 
of distinct rock microstructures and crystallographic textures. These microstructures can be 
quantified using a combination of microstructural analysis and electron backscatter 
diffraction, which elucidates information concerning the mechanics of the deformational 
processes operating within the upper mantle, and therefore its rheology (e.g., Hirth, 2002; 
Hirth and Kohlstedt, 2003). 
Dislocation creep – inferred to be the dominant deformation mechanism in the 
uppermost (ca. 250 km) of the mantle – results in a strong crystallographic texture as the 
axes of constituent mineral grains develop a non-random distribution, referred to as a 
crystallographic preferred orientation (CPO). During this process, dislocations within the 
crystal lattice migrate along slip systems that are defined by movement (i.e. slip) along a 
specific crystallographic plane and direction. The most energetically favorable (i.e. easiest) 
slip system dominates the CPO; activation of each slip system is highly dependent on the 
critical resolved shear stress experienced by the rock (Durham and Goetze, 1977; Bai et al., 
1991; Passchier and Trouw, 2005; Karato et al., 2008).  
The results of early deformation experiments on olivine-rich rocks conclude that the 
[100] axis is the easiest slip direction in olivine, but the preferred slip plane changes from 
being diffuse throughout the {0kl} family of planes to being concentrated along the (010) 
plane due to the effects of increasing temperature and decreasing strain rate (Carter and 
Avé Lallemant, 1970). Studies of olivine CPOs further document the presence of (010)[100] 
(i.e. A-type), axial-[100] (i.e. {0kl}[100] or D-type), and axial-[010] (i.e. {0kl}[010] or AG-type) 
olivine textures, and expect A-type textures to dominate the upper mantle (Ben Ismaïl and 
Mainprice, 1998). 
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Experimental deformation studies performed 
on olivine single crystals have identified the 
existence of additional olivine CPO textures that 
are dependent on variations in water content, 
pressure and stress (e.g., Jung and Karato, 2001; 
Couvy et al., 2004; Katayama et al., 2004; Jung et 
al., 2006; Mainprice, 2007; Ratteron et al., 2007; 
Karato et al., 2008, and references therein; Figure 
1.1). Dominant slip in the [100] direction is also 
observed in E-type olivine CPO patterns, which 
are distinguished from A-type, axial-[100], and 
axial-[010] textures by slip on the (001) plane. At 
higher water contents, experimental results 
document the dominant slip changing from the 
[100] direction to the [001] direction. Such 
textures are either B- or C-type and are defined 
by slip occurring on the (010) and (100) planes, 
respectively. Field-studies of naturally deformed 
peridotites conclude that B-type olivine textures 
may form: 1) as a function of variations in water 
content (Mizukami et al., 2004), 2) due to the 
operation of disGBS (Précigout and Hirth, 2014), 
or 3) at elevated pressures (>3 GPa; Jung et al., 
Figure 1.1. Results from experimental rock 
deformation studies show that there are 
three mechanisms capable of influencing 
the activity of various slip systems in olivine: 
(a) Temperature and strain rate (Carter and 
Avé Lallemant, 1970), (b) Water content 
(Jung and Karato, 2001), and (c) Pressure 
(Couvy et al., 2004; Ratteron et al., 2007). 
Image source: Katayama et al. (2011). Gray 
boxes are representative of the mantle 
xenoliths that formed the basis of their 
study.  
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2009; Couvy et al., 2009). Although generally thought to form exclusively in dry, high stress 
deformational environments, the development of axial-[100] textures has been documented 
in wet olivine (Demouchy et al., 2012) and related to the operation of disGBS (Warren et al., 
2008). The axial-[010] pattern, which has been recognized in naturally deformed peridotites 
and numerical simulation studies, is characterized by sharp [100] and diffuse [001] girdles 
(Tommasi et al., 2000; Mainprice, 2007). This texture is thought to be transitional between 
A- and B-type textures and has been attributed to the flattening deformation in axial 
compression experiments (Avé Lallemant and Carter, 1970; Nicolas et al., 1973; Hansen et 
al., 2011). Furthermore, it has also been suggested that the existence of axial-[010] and B-
type textures may be the direct result of deformation in the presence of melt (Holtzman et 
al., 2003). 
The weakening of CPO in naturally deformed peridotites has been attributed to the 
process of grain-size sensitive diffusion creep (e.g., Hirth and Kohlstedt, 2003; Warren and 
Hirth, 2006; Falus et al., 2011; Précigout and Hirth, 2014), although experimental research 
shows this deformation mechanism is also capable of producing olivine CPO (Mainprice et 
al., 2005; Sundberg and Cooper, 2008; Miyazaki et al., 2013). The CPO texture of a rock 
undergoes complex transitions in response to variations in the conditions of deformation, 
and is therefore an important microstructural parameter for understanding the 
relationships between the kinematics of deformation, the observed patterns of anisotropy, 
and variations in intracrystalline deformation mechanisms within in the upper mantle (e.g., 
Nicolas and Christensen, 1987; Mainprice, 2007; Karato et al., 2008). 
Despite the importance of relating olivine textures back to their deformation conditions, 
it is important to note that these relationships are not explicit. In addition to the examples 
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provided above, there is a significant amount of literature that documents known olivine 
textures forming under deformation conditions that deviate from what is expected based on 
the results of the aforementioned studies (Karato et al., 2008, and references contained 
therein). Although a complete discussion of such variation is too extensive to cover within 
the confines of this thesis, the reader is encouraged to remember that the development of 
olivine texture is a poly-parametric issue. Thus, there is no clear-cut relationship that exists 
between any singular deformation condition and a specific olivine texture.  
1.3 A BRIEF GEOLOGIC HISTORY OF MARIE BYRD LAND, WEST ANTARCTICA 
1.3.1 An overview of present-day Antarctica 
The Transantarctic Mountains extend across the continent of Antarctica and structurally 
separate its two distinct tectonic provinces: the East Antarctic craton (EAC) and the West 
Antarctic rift system (WARS), which is one of the most extensive regions of extended 
continental crust in the world (Figure 1.2). Despite the size of the WARS, the behavior of 
Antarctic lithosphere is poorly understood due to its extensive cover by ice sheets, which 
severely limits exposures of the crust. As a result, most of what is known about the rheology 
and structure of lithosphere in this area is quantified indirectly through geophysical 
methods (e.g., Behrendt et al., 1991, Ritzwoller et al., 2001).  
Based on measurements of surface wave dispersion, Ritzwoller et al. (2001) present a 
model of the Antarctic lithosphere and estimate crustal thicknesses to be ca. 27 km in the 
thinned continental crust of the WARS and in excess of ca. 40 km in the stable EAC. 
Furthermore, the researchers determine that most of the WARS mantle is seismically slow, 
which is directly related to the presence of an asthenospheric anomaly at a depth of ca. 120 
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km.  The thicker and rheologically stronger EAC is thought to have remained a cohesive 
crustal block since the fragmentation of Rodinia during the Neoproterozoic (Mukasa and 
Dalziel, 2000). The thin lithosphere comprising the WARS is significantly weaker and is 
structurally subdivided into five distinct microplates that have experienced multiple 
episodes of intracontinental deformation that are associated with dramatic WARS 
extension: the Antarctic Peninsula, Haag Nunataks, the Ellsworth-Whitmore Mountains, 
Thurston Island, and Marie Byrd Land (Siddoway, 2008; Harley et al., 2013). Of these crustal 
blocks, Marie Byrd Land (MBL) is the largest and is of great interest because it cradles 
portions of the West Antarctic Ice Sheet and because it is a tectonically active region that 
has been experiencing anomalous volcanism since ca. 30 Ma (Gaffney and Siddoway, 2007).  
1.3.2 Tectonic overview  
During Cambrian times, a subduction zone began to nucleate along the long-lived 
passive paleo-Pacific margin of Gondwana. This convergent boundary persisted until rifting 
began to fragment the supercontinent during the Jurassic. During this extended period of 
geologic time, the allochthonous tectonic blocks that comprise the present day WARS were 
sutured onto the Gondwanan margin along the evolving Transantarctic Mountains (Elliot, 
2013). During the late Jurassic, East and West Gondwana began to break apart – an event 
that coincides with the initiation of WARS extension. The most rapid extension occurred 
during the Cretaceous (ca. 105-90 Ma), which dramatically thinned the West Antarctic crust 
as the Ross Sea opened away from the rheologically strong boundary of the EAC (e.g., 
LeMasurier, 2008). The final stage of rifting across Gondwana occurred when MBL was 
separated from the microcontinents of present-day New Zealand via sea-floor spreading at 
the newly formed Pacific-Antarctic ridge. This tectonic event is constrained by Chron 34 (84 
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Ma; Weaver et al., 1994) and is considered to be distinct from earlier stages of WARS 
extension because MBL and New Zealand rifted apart along high-angle faults, whereas all 
prior extension occurred orthogonal to the frontal scarp of the Transantarctic Mountains 
(Siddoway, 2008). The unexpected rift orientation and the rapid extension between MBL 
and its conjugate margin has been explained by both mantle plume activity (Weaver at al., 
1994; Storey et al., 1999) and the subduction of the Phoenix-Pacific ridge (Mukasa and 
Dalziel, 2000; Finn, 2005). 
Although minimal extension has occurred since the middle Cenozoic, increased regional 
heat flow is responsible for the anomalous volcanic activity that characterizes MBL (Lawver 
and Gahagan, 1994; Winberry and Anandakrishnan, 2004). The region of Cenozoic volcanism 
extends for ca. 1000 km through MBL and is defined by basaltic shield volcanoes and 
adjacent basanitic scoria cones (Gaffney and Siddoway, 2007). Some of the magmas 
produced at these volcanic centers have entrained and rapidly transported portions of the 
actively deforming lithospheric mantle beneath MBL to Earth’s surface to be preserved as 
mantle xenoliths (Handler et al., 2003). These xenoliths, which are the basis of this research, 
represent access to naturally deformed peridotites that can be used to quantify the extent 
of heterogeneity within the lithospheric mantle of MBL and understand its rheology. 
1.3.3 Marie Byrd Land xenoliths 
The suite of ultramafic xenoliths that are the focus of this study are sourced from young 
Cenozoic volcanic flows (ca. 1.4 Ma) that are exposed within the Fosdick Mountains, the 
Usas Escarpment and the Executive Committee Range of MBL (Figure 1.2). Geochemical 
analyses of the alkaline basalts that host the ultramafic xenoliths show that the composition 
of the magma is heterogeneous between the volcanic centers, but remains relatively 
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homogeneous within each individual volcanic center. This is interpreted to mean that 
distinct mantle sources are feeding the different volcanic centers found in MBL (Gaffney and 
Siddoway, 2007). 
The xenolith samples comprising this suite have been previously characterized in a 
complementary study that uses electron microprobe analysis, high resolution X-ray 
computed tomography and electron backscatter diffraction to characterize the range of 
equilibration temperatures, fabric geometries and crystallographic textures displayed by the 
suite (Appendix A; Chatzaras et al., in revision). These xenoliths display substantial 
compositional and textural heterogeneities between and within individual volcanic centers. 
In combination with their vertical distribution, this makes them incredibly useful for 
performing a thorough assessment of heterogeneity and rheological structure of the 
lithospheric mantle beneath MBL.           
1.3.3.1 Implications for ice sheet dynamics 
The West Antarctic Ice Sheet is unique among the continental ice sheets of the world as 
it is the only marine-based continental ice sheet remaining. This simply means that the WAIS 
has a grounding line that is below sea level. It has long been hypothesized that marine-
based ice sheets are inherently unstable and sensitive to anthropogenic climate warming 
(Mercer, 1978; Vaughn, 2008); ongoing subglacial volcanism associated with elevated heat 
flow poses a significant threat as it could potentially expedite deglaciation in West 
Antarctica via basal warming and associated feedbacks. 
 
14 
 
 
Figure 1.2. (Top) Map depicting the distribution and relative locations of the volcanic centers from 
which the ultramafic xenoliths are sourced. (Bottom) Enlarged view of the E-W trending Fosdick 
Mountains showing areas containing xenoliths in orange (modified from Gaffney and Siddoway, 
2007). Not shown are eight samples that are sourced from volcanic centers between Mount Avers 
and Bird Bluff. 
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2 METHODOLOGY 
2.1 SAMPLE ORIENTATION AND THIN SECTION PRODUCTION 
Studies of mantle 
xenoliths are complicated by 
the fact that samples are 
removed from their 
deformational frame of 
reference during their 
entrainment and rapid ascent to Earth’s surface. This makes it nearly impossible to identify 
the lineation and/or foliation (i.e. the rock fabric) strictly from field-based observations, 
unless there is a deformed xenolith containing a visible fabric at the hand sample scale. In 
order to circumvent this problem, Chatzaras et al. (in revision; Appendix A) use high-
resolution X-ray computed tomography to determine the three-dimensional fabric (i.e. 
shape preferred orientation, SPO) of constituent spinel grains. A fabric tensor is computed 
from the spinel SPO for each xenolith sample, which allows for the determination of the 
fabric geometry and degree of anisotropy (i.e. the fabric ellipsoid). Subsequently, rock billets 
are cut parallel to the XZ plane of the spinel SPO. This orientation is inferred to be 
representative of the overall rock fabric, which subsequently allows for the production of 
thin sections that have been reoriented into their fabric frame of reference (Figure 2.1). In 
turn, this allows for a meaningful interpretation of the crystallographic preferred orientation 
(CPO) of a sample with respect to its fabric geometry. It is important to note that Chatzaras 
et al. (in revision) use the crystallographic preferred orientation data from this study, which 
is acquired through the application of electron backscatter diffraction (EBSD) and 
Figure 2.1. Spinel fabric (i.e. SPO) is quantified using XRCT and 
used to infer the orientation of the overall rock fabric (Image 
source: Chatzaras et al., in revision). 
16 
 
subsequently processed using version 3.5 of the MTEX MATLAB toolbox (Bachmann et al., 
2011; Appendix B). 
2.2 ELECTRON MICROPROBE ANALYSES AND GEOTHERMOMETRY 
Precise chemical compositions of 
mineral grains within the thin sections 
produced from each xenolith sample are 
determined by Chatzaras et al. (in 
revision) using the Cameca SX51 electron 
microprobe housed at the University of 
Wisconsin – Madison. The distribution of 
constituent elements between minerals is 
used to calculate the equilibration 
temperature using well-calibrated 
geothermometers (Figure 2.2). In almost 
all cases, an average of several two-pyroxene geothermometers are used to infer the 
equilibration temperature of the samples (i.e. Bertrand and Mercier, 1985; Brey and Kohler, 
1990; Taylor, 1998). Due to the absence of pyroxene in the dunite from Mount Cumming 
(KSP89-181-X01), the olivine-spinel exchange geothermometers of O’Neill (1981) and 
Ballhaus et al. (1991) are applied.  Based on the exclusive presence of spinel as the stable 
accessory phase, Chatzaras et al. (in revision) determine the depths from which the 
xenoliths are sourced by constructing a geotherm for the lithospheric mantle of Marie Byrd 
Land during the time period when mantle xenoliths were transported to the surface.   
Figure 2.2. Photomicrograph showing the four 
constituent mineral phases analyzed for 
determination of the equilibration temperature. 
(Image source: Chatzaras et al., in revision). 
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2.3 OPTICAL AND ELECTRON MICROSCOPY 
Although the vast majority of data is acquired through the application of electron 
backscatter diffraction (Section 2.4), the microstructures preserved by the MBL xenolith 
suite are also assessed through the application of less time-intensive methods (i.e. polarized 
light microscopy and backscattered electron imaging). Images of full thin sections are 
acquired using a Leica Z6 APO macroscope equipped with a SPOT Insight Firewire CCD 
camera, which allows for photomicrographs to be taken under both plane-polarized and 
cross-polarized light (Appendix C). Comparatively, all smaller-scale microstructures of 
interest (e.g., grain boundaries) are investigated and imaged using a Zeiss Axioskop 40 
polarized light microscope, which is also fitted with a SPOT Insight Firewire CCD camera.  
Backscattered electron (BSE) images of full thin sections are produced using the Tescan 
Vega 3 LMU scanning electron microscope that is housed within the Department of Earth 
and Environmental Sciences at Boston College. The Vega software is capable of stitching a 
multitude of BSE images into a panoramic view of an entire sample (Appendix C). It is 
important to note that all BSE images are grayscale because they effectively record the 
average atomic number (i.e. density) that the beam is being rastered across. As the electron 
beam strikes the polished sample surface, the electrons scatter elastically in response to the 
substrate they are coming into contact with. Atoms of heavier elements are larger and 
consequentially are more likely to produce elastic scattering of the beam. This allows a 
greater number of backscattered electrons to reach the detector, which in turn produces a 
bright region on the BSE map. Comparatively, regions containing lighter elements appear 
dark in BSE images. This is helpful because it allows for the user to quickly distinguish 
between the different constituent phases of a sample.   
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2.4 ELECTRON BACKSCATTER DIFFRACTION 
Electron backscatter diffraction (EBSD) is a scanning electron microscope (SEM) based 
technique that is commonly used to quantify the crystallographic preferred orientation 
(CPO) of the mineral grains within a sample. The interaction of a stationary electron beam 
that is rastered across a tilted (70°) sample causes incident electrons to be inelastically 
scattered in all directions within the top few nanometers of a surface (i.e. the interaction 
volume). Backscattered electrons that satisfy the Bragg diffraction condition (sinθ = nλ/2d) 
diffract into a pair of cones around the respective diffracting crystallographic plane, which 
produces Kikuchi bands as they intersect an analytical detector phosphor screen. 
Collectively, the bands detected from all diffracting planes produce an electron backscatter 
diffraction pattern (EBSP). These EBSPs are then computationally solved for and indexed to 
known Miller indices as a function of the crystallographic lattice orientations of the mineral 
grain being analyzed (e.g., Prior et al., 1999; Maitland and Sitzman, 2007).  
2.4.1 Data collection 
The Department of Earth and Environmental Sciences at Boston College is equipped 
with a Tescan Vega 3 LMU scanning electron microscope with an Oxford Instruments 
NordlysMax2 EBSD detector capable of rapid determination of crystallographic textures and 
phase identification. In order to prevent electron charging during analysis, a thin (ca. 6 nm) 
carbon coat is applied to each sample using a Quorum/EMS 150TE high vacuum coating 
system prior to EBSD orientation and phase mapping. EBSD analyses are conducted under 
high vacuum conditions in the SEM, with 20-30 kV of accelerating voltage and beam current 
ranging between 20 and 40 nA. Electron backscatter patterns are indexed using 2x2 camera 
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binning, a Hough resolution of 100 and a fixed step size of 7.5 µm. All four phases present 
within the suite (i.e. forsterite, enstatite, diopside, and chromite) are mapped. 
Large area maps (LAMs) are constructed for each thin section. Each large area map 
contains approximately 1300-1500 smaller orientation maps (750µm × 750µm) that are 
montaged into a cohesive dataset using Oxford’s AZtecHKL software (version 3.0 SP1). A 
20% overlap is assigned between adjacent fields as this value optimizes the ability of 
Oxford’s AZtecHKL software to auto-align adjacent fields during LAM construction. This 
software package allows crystallographic orientation and phase maps to be generated for 
entire thin sections, which offers a distinct advantage in the analysis of samples dominated 
by large grain sizes (i.e. peridotites) because a statistically significant amount of grains is 
required to confidently define the crystallographic texture of a sample.  
2.4.2 Calculation of normalized phase abundances 
The phase abundances tabulated by 
Oxford’s AZtecHKL software during data 
acquisition allow for an assessment of the 
mineralogical heterogeneity within the 
xenolith suite. The abundance of the 
major constituent minerals (i.e. olivine, 
diopside, and enstatite) are normalized 
and plotted on the IUGS classification diagram for phaneritic ultramafic rocks (Figure 2.3). It 
is important to note that non-indexed portions of the sample are disregarded in these 
normalizations. Although LAMs are constructed for the pyroxenite samples, only peridotitic 
samples (n=41) are considered when performing textural analyses. 
Figure 2.3. IUGS classification diagram for phaneritic 
ultramafic rocks containing orthopyroxene, 
clinopyroxene, and olivine as the major constituent 
minerals. (Image modified from: Le Maitre, 2002). 
 
20 
 
Table 2.1. Equilibration temperatures (Chatzaras et al., in revision) are shown alongside depth and 
pressure estimates, which are determined from the construction of a MBL geothermal gradient at the 
time of eruption. Black text is used for peridotitic xenolith samples that have been successfully reoriented 
into their fabric frame of reference, whereas samples that have not are shown in red (cf. Appendix A).  
Volcanic Center Sample Name T (± 25°C) Depth (km) Pressure (kbar) 
Mount Aldaz (AD) 
AD6021-X01 1017 57 19 
AD6021-X02 1084 63 21 
Mount Cumming (KSP) 
KSP89-181-X01 (lo-Cr) 862 42 14 
KSP89-181-X01 (hi-Cr) 995 52 17 
Mount Avers (AV) FDM-AV01-X01 939 50 16 
Mount Avers – Bird Bluff (AVBB) 
FDM-AVBB01 937 50 16 
FDM-AVBB02 779 39 13 
FDM-AVBB03 949 51 17 
FDM-AVBB04 822 42 14 
FDM-AVBB05 814 42 14 
FDM-AVBB06 940 50 16 
FDM-AVBB07 805 41 13 
FDM-AVBB08 832 43 14 
Bird Bluff (BB) 
FDM-BB01-X01 945 51 17 
FDM-BB02-X01 1053 60 20 
FDM-BB03-X01 856 45 15 
FDM-BB04-X01 853 45 15 
Demas Bluff (DB) 
FDM-DB01-X01 1024 58 19 
FDM-DB02-X01 1183 71 23 
FDM-DB02-X02 978 54 18 
FDM-DB02-X03 999 55 18 
FDM-DB02-X04 933 50 16 
FDM-DB02-X05 958 51 17 
FDM-DB02-X06 1198 72 23 
FDM-DB02-X08 803 41 13 
FDM-DB02-X10 1020 57 19 
FDM-DB02-X11 1039 59 19 
FDM-DB02-X12 1036 59 19 
FDM-DB02-X13 911 49 16 
FDM-DB03-X01 856 44 14 
FDM-DB03-X02 861 44 14 
FDM-DB03-X03 982 54 18 
FDM-DB03-X04 1002 56 18 
FDM-DB04-X01 991 55 18 
 FDM-DB04-X02 984 54 18 
 FDM-DB04-X03 1165 69 23 
 FDM-DB04-X04 968 53 17 
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Table 2.1. Continued. 
Volcanic Center Sample Name T (± 25°C) Depth (km) 
Pressure 
(kbar) 
Marujupu Peak (MJ) 
FDM-MJ01-X01 898 48 16 
FDM-MJ01-X02 974 53 17 
FDM-MJ01-X03 929 50 16 
FDM-MJ01-X05 1014 57 19 
FDM-MJ01-X06 1070 61 20 
Recess Nunatak (RN) 
FDM-RN01-X01 961 52 17 
FDM-RN02-X01 828 42 14 
FDM-RN03-X01 943 51 17 
FDM-RN04-X01 812 42 14 
 
2.4.3 Noise reduction and grain reconstruction 
Noise reduction is completed using the HKL CHANNEL 5 software Tango (v. 5.12.56.0) in 
order to improve the quality of the EBSD dataset (Figure 2.4; Table 2.2). Isolated pixels that 
have been incorrectly indexed (i.e. wild spikes) are extrapolated first, followed by iterative 
extrapolation of non-indexed pixels (i.e. zero solutions) based on the 8, 7, and then 6 
nearest neighbors of each pixel (Bestmann & Prior, 2003). 
 
 
Figure 2.4. Sample FDM-AVBB02 is shown before and after noise reduction using Tango. (Left) The 
EBSD map prior to noise reduction in Tango. This map contains misindexed and non-indexed points,   
within the data set. (Right) An EBSD map after noise reduction is complete. A significant portion of 
wild spikes and zero solutions are removed. Notice that many of the anomalous black points visible in 
the upper image are no longer visible after noise reduction. 
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Table 2.2. Phase statistics for sample FDM-AVBB02 are shown before and after noise reduction is 
complete. This process reduces the abundance of zero solutions and corrects for any misindexed points, 
which improves the quality of the data set. BC = band contrast; MAD = mean angular deviation. 
Phase 
Raw Data Processed Data 
% Mean BC Mean MAD % Mean BC Mean MAD 
Zero solutions 6.99 39.59 n/a 4.98 34.25 n/a 
Forsterite (Fo) 60.00 121.8 0.3386 60.83 120.6 0.3380 
Enstatite (En) 17.42 82.56 0.4985 19.09 81.70 0.4941 
Diopside (Di) 13.33 107.2 0.4484 12.80 107.7 0.4337 
Chromite (Ch) 2.26 144.4 0.4547 2.30 144.0 0.4508 
 
The post-processed EBSD dataset is subsequently imported into the MTEX MATLAB 
toolbox (version 3.5), which contains a number of powerful analytical algorithms for the 
reconstruction of grains and grain boundaries from the spatially indexed orientation 
measurements. In MTEX, the orientation measurements are further filtered and discarded if 
the mean angular deviation (MAD) of the indexed solution exceeds 1.0. The MAD is a 
numerical quantity that expresses how well the detected electron backscatter pattern 
matches the refined solution (i.e. quality of fit).  Grain boundaries are then reconstructed 
using the MTEX algorithm, which operates under the assumption a grain boundary exists 
between two adjacent measurements if they are indexed as different phases or their 
relative misorientation angle exceeds a 10° threshold (Bachmann et al., 2011). Based on the 
large grain sizes observed in the samples, grains containing less than 50 pixels (i.e. grains 
that are smaller than ca. 2.8 mm2) are removed from the grain set (Appendix B). This 
eliminates any influence of grain fragments on quantitative textural analyses of the 
observed mantle textures. The spatially indexed EBSD data contained within the resultant 
grain set contains all data used for subsequent textural analyses (Figure 2.5). 
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2.4.4 Textural analyses 
2.4.4.1 Pole figures and orientation distribution functions (ODFs) 
In order to visualize the crystallographic texture of a sample (i.e. its CPO) using MTEX, 
the reconstructed grain set is separated by phase. One point-per-grain (1ppg) data are used 
to plot pole figures and orientation distribution functions (ODFs) for the major phases 
present in each sample (i.e. forsterite, diopside and/or enstatite). Area-weighted data sets 
are useful for determining the bulk properties of a sample, whereas the one point-per-grain 
data sets are used to quantitatively measure the relative strength of the textures between 
xenolith samples (Appendix B). Plotting the crystallographic orientation of all phases allows 
for an evaluation of the relationships that exist between the textures of the constituent 
minerals. 
Figure 2.5. (A) Grain boundary reconstruction for sample FDM-AVBB02. The boundary map excludes 
solutions with a mean angular deviation (MAD) greater than 1 and grains containing less than 50 
pixels. (B) Phase map of the EBSD data for sample FDM-AVBB02, which excludes solutions that have a 
MAD greater than 1. (C) Phase map of the EBSD data for sample FDM-AVBB02, which excludes 
solutions having a MAD greater than 1 and grains containing less than 50 pixels. (D) One point-per-
grain phase map of sample FDM-AVBB02, which excludes solutions that have a MAD greater than 1 
and grains containing less than 50 pixels. Additionally, this map reduces each constituent mineral grain 
to a single data point having a known phase and a single orientation, which is based on the average 
orientation of all indexed points within the confines of that mineral grain.   
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Pole figures are a common approach to visualizing CPOs, but they are limited 
stereographic projections because they only describe the measured orientations in one 
crystallographic direction. Plotting an ODF is the preferred method because it provides a 
complete three-dimensional description of the crystallographic texture as a frequency 
distribution of the measured crystal orientations in Euler space (Wenk and Wilde, 1972; Ben 
Ismaïl and Mainprice, 1998). Using MTEX, pole figures and ODFs are generated for each 
major phase using both the area-weighted and the one point-per-grain data sets (Figure 2.6). 
The ODFs are then interpreted with respect to the patterns of CPO that have been 
extensively documented in studies of experimentally and naturally deformed mantle rocks 
(e.g., Karato et al., 2008).  
2.4.4.2 Assessing the textural strength and symmetry of olivine texture 
The intensity of olivine CPO for each sample is quantified by calculating the J-index 
(Bunge, 1982) and the misorientation index (i.e. M-index; Skemer et al., 2005) for both the 
one point-per-grain and area-weighted grain sets in MATLAB using the MTEX toolbox for 
quantitative textural analyses (Appendix B). Mathematically, the J-index is defined as the 
second moment of an ODF and its value ranges from zero (i.e. a random CPO) to infinity (i.e. 
Figure 2.6. Examples of pole figures (top) and ODFs (bottom) created for the forsterite grains in sample 
FDM-AVBB02, which display an axial-[010] texture. (Left) Area-weighted data is plotted for 672 grains of 
olivine. (Right) One point-per-grain data is plotted for 630 grains of olivine. 
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a single crystal CPO). Although the J-index is a commonly employed measure of texture 
intensity, it is sensitive to the number of grains measured and is thought to be difficult to 
interpret unambiguously (Skemer et al., 2005). Comparatively, the M-index is defined as the 
difference between some measured distribution of uncorrelated misorientation angles and 
the distribution expected for uncorrelated misorientation angles within a completely 
random texture. The M-index ranges from zero (i.e. a random CPO) to 1 (i.e. a single crystal 
CPO) and is thought to be a more reliable indicator of textural intensity (Skemer et al., 2005). 
The measured misorientation angles are exported as a number string into a text file that is 
subsequently imported into a MATLAB-based graphical user interface M-index calculator 
developed by Skemer (2008). The 
calculator generates a 
misorientation angle frequency 
histogram for each sample (Figure 
2.7), which plots the measured 
misorientation distribution 
against a theoretical random 
distribution. In order to 
quantitatively assess the 
symmetry of the olivine textures 
preserved by the MBL peridotite 
samples, the BA-index is 
calculated (Mainprice et al., 2014). 
It is a quantitative method that is 
Figure 2.7. Examples of the histograms produced for sample 
FDM-AVBB02 using the M-index GUI developed by Skemer 
(2008). The M-index for the area-weighted grain set (top) is 
0.105, whereas the M-index for the one point-per-grain data 
is 0.106. 
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used to determine if the olivine texture is axial-[010] (0 ≤ BA ≤ 0.35), orthorhombic (0.35 ≤ 
BA ≤ 0.65) or axial-[100] (0.65 ≤ BA ≤ 1). Mathematically, the BA-index is defined as: 
BA =  1
2
�2 − � P010
G010+P010
� − �
G100
G100+P100
��  (Equation 2) 
Where P is equal to λ1 - λ2 and G equal to 2(λ2 - λ3), with λ1 ≥ λ2 ≥ λ3 being the three 
eigenvalues determined from the orientation distribution function of each sample within 
the xenolith suite (Vollmer, 1990). 
2.4.4.3 Grain size distributions  
In order to quantify the grain size distribution of the constituent phases within each 
sample, the EBSD data is processed in the 
MTEX toolbox to calculate grain size 
statistics and plot grain size distribution 
histograms (Appendix B). The grain area is 
measured, from which the diameter of a 
circle with equivalent area to that of the 
measured grain is calculated. The 
geometric and arithmetic means are 
calculated for both the maximum 
diameter and equivalent diameter lengths 
observed in each sample. Grain size 
histograms are plotted from these data 
(Figure 2.8). Grain size distributions are 
then evaluated to determine the 
Figure 2.8. Example grain size histograms that show 
the grain size distribution of the olivine grains in 
sample FDM-AVBB02. (Left) The geometric mean of 
the area-weighted data is calculated for the 
maximum diameter and equivalent diameter lengths 
of olivine grains. (Right) The geometric mean of the 
one point-per-grain data is calculated for the 
maximum diameter and equivalent diameter lengths 
of olivine grains.  Notice that in some cases (i.e. 
bottom left) the calculated geometric mean grain 
size is not properly calculated by the software. In 
such cases, the most dominant peak of the 
histogram is inferred to be equal to the geometric 
mean grain size. 
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minimum, maximum, and geometric mean grain sizes of the phases that constitute each 
peridotitic sample.  
2.4.4.4 Deformation mechanism maps and piezometry 
The conditions at which different 
deformation mechanisms are dominant 
may be evaluated using a deformation 
mechanism map (DMM). DMMs are plots 
of grain size (µs) against differential stress 
(MPa) that are contoured for strain rate 
(1/s) and constructed for specific pressure, 
temperature, and water content conditions 
(Figure 2.9). The DMM is split into different 
fields within which a specific deformation 
mechanism is interpreted to be the 
dominant means for accommodating strain 
based on the parameterization of the 
deformation conditions (Equation 1); it is important to remember that all deformation 
mechanisms are operating to some extent. These field boundaries are constructed using 
experimentally determined flow laws for dry olivine that have been calibrated for a wide 
range of deformation conditions (i.e. Evans and Goetze, 1979; Hirth and Kohlstedt, 2003). 
Due to uncertainties associated with the applied geothermometers, all samples are plotted 
on a series of DMMs that are constructed at a 100°C resolution between 800 and 1200°C. 
The recrystallized grain size piezometer of van der Wal et al. (1993) is overlain on each DMM 
Figure 2.9. DMM for sample FDM-AVBB02, 
constructed for a temperature of 800°C and a 
pressure of 1700 MPa. Based on the observed 
grain size distribution (white box), estimates of 
differential stress range from 3 – 50 MPa. 
Comparatively, the geometric mean grain size for 
this sample (black circle; 133 µm) implies a mean 
differential stress of 30 MPa affected this rock 
prior to its exhumation. Strain rates for this sample 
range from approximately 10-15/s – 10-19/s with a 
geometric mean on the order of 10-16/s.   
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in order to estimate the magnitude of mean differential stress experienced by each sample. 
The size of olivine grains within a sample is directly related to the paleostress state of that 
xenolith sample prior to entrainment by its host magma (Karato et al., 1980; Van der Wal et 
al., 1993). Although the sizes of recrystallized olivine grains are commonly used to estimate 
the maximum differential stress, in this study the mean grain size of olivine is used to 
estimate the mean differential stress for each sample due to the fact that most xenoliths are 
coarse-grained and typically lack significant recrystallization. Consequently, the estimates 
for the mean differential stresses are minima, given that grain size reduction due to 
recrystallization is associated with larger magnitudes of differential stress.  Strain rates may 
also be approximated using a DMM, but proper parameterization of the variables in the 
olivine flow law (Equation 1) provides a more reliable estimate. 
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3 HETEROGENEITY OF THE LITHOSPHERIC MANTLE BENEATH MBL 
3.1 ASSESSING HETEROGENEITY USING ELECTRON BACKSCATTER DIFFRACTION DATA 
The amount and variety of data that electron backscatter diffraction (EBSD) is capable of 
generating may seem difficult to keep track of. At a result, it is important to reiterate the 
power of these datasets and remind the reader why they are imperative in assessing the 
heterogeneity of the lithospheric mantle beneath Marie Byrd Land. In the most direct sense, 
the EBSD data sets provide the relative abundances of the constituent mineral phases within 
each xenolith sample (Section 3.2) and allow for an assessment of their crystallographic 
preferred orientations (CPOs; Section 3.3). In turn, these data are used to confidently 
reconstruct a map of the grain boundaries and assess the grain size distribution of the 
constituent minerals within each sample (Section 3.2). The differential stress and strain rate 
that each sample records is then determined by placing the grain size statistics along the 
recrystallized olivine grain size piezometer, which itself is plotted on top of a deformation 
mechanism map (DMM; Section 3.4). In this way, the observed range in olivine grain sizes 
allows for an assessment of the dominant deformation mechanism that accommodates 
strain within each sample. This information is subsequently verified against observations 
made using optical microscopy (Section 3.2). 
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3.2 MINERALOGICAL AND MICROSTRUCTURAL CHARACTERIZATION OF THE XENOLITH SUITE 
The xenolith suite contains forty-one spinel-bearing peridotites and four spinel 
pyroxenites (Figure 3.1). Spinel is the stable metamorphic phase and its occurrence is 
documented in all samples (Table 3.1). The xenolith samples are more accurately classified 
as predominantly lherzolites (n=31) with lesser occurrences of harzburgite (n=4), wehrlite 
(n=3), dunite (n=3), olivine websterite (n=1), websterite (n=1) and clinopyroxenite (n=2) 
being documented. The MBL xenoliths are coarse-grained and typically display the 
characteristics of either a granular or a tabular microstructure, although it is important to 
note that there are also examples of porphyroclastic microstructures preserved within the 
suite. 
 
 
 
 
 
  
 
 
 
Figure 3.1. Ternary diagram showing the compositional variation observed within the suite of 
MBL xenoliths.  
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Table 3.1. Raw phase abundance data collected during EBSD acquisition and reported by Oxford's AZtec 
software. Non-indexed portions of the EBSD map (i.e. zero solutions) are included. Fo = forsterite, En = 
enstatite, Di = diopside and Ch = chromite.  
Sample 
Number of Fields 
(750 µm x 750 µm) 
Phase Abundances (%) 
Fo En Di Ch Zero Solutions (Z.S.) 
AD6021-X01 609 0.51 1.65 41.16 5.21 51.47 
AD6021-X02 1536 65.11 11.41 14.05 0.61 8.81 
KSP89-181-X01 957 91.54 0.01 0.15 0.53 7.76 
FDM-AV01-X01 884 51.15 19.86 13.63 2.09 13.27 
FDM-AVBB01 1479 48.35 14.39 16.12 2.06 19.08 
FDM-AVBB02 902 60.00 17.34 13.37 2.30 6.99 
FDM-AVBB03 1581 0.58 20.81 54.15 10.46 13.99 
FDM-AVBB04 1349 27.64 9.86 18.38 1.54 42.59 
FDM-AVBB05 1485 57.77 12.99 9.18 1.31 18.75 
FDM-AVBB06 1469 48.88 22.47 14.65 1.16 12.83 
FDM-AVBB07 1504 58.22 3.42 10.30 1.78 26.28 
FDM-AVBB08 1180 24.25 11.31 23.14 1.83 39.46 
FDM-BB01-X01 1581 41.94 0.99 31.77 0.81 24.50 
FDM-BB02-X01 1386 47.68 21.44 18.75 1.76 10.37 
FDM-BB03-X01 1333 63.31 2.93 1.65 0.26 31.85 
FDM-BB04-X01 1048 43.47 11.58 19.70 0.85 24.40 
FDM-DB01-X01 1458 44.45 10.77 17.47 2.35 24.96 
FDM-DB02-X01 1145 56.64 11.70 12.32 0.72 18.63 
FDM-DB02-X02 1535 71.78 8.02 1.58 0.37 18.25 
FDM-DB02-X03 775 54.95 13.48 7.79 0.46 23.32 
FDM-DB02-X04 1178 42.46 15.97 10.34 0.86 30.57 
FDM-DB02-X05 1458 0.17 0.29 60.30 2.69 36.56 
FDM-DB02-X06 1891 31.28 29.12 4.78 0.04 34.78 
FDM-DB02-X08 1233 68.99 8.08 1.73 0.20 21.00 
FDM-DB02-X10 1008 57.90 17.45 13.45 0.11 11.09 
FDM-DB02-X11 1169 57.71 10.48 12.36 0.68 18.76 
FDM-DB02-X12 865 48.76 10.65 15.82 2.09 22.69 
FDM-DB02-X13 1215 53.59 10.34 9.69 1.86 24.52 
FDM-DB03-X01 1581 66.79 5.15 1.41 1.06 25.58 
FDM-DB03-X02 1334 41.69 17.01 14.69 3.49 23.12 
FDM-DB03-X03 1530 49.97 18.11 15.01 2.07 14.84 
FDM-DB03-X04 1271 54.83 8.95 5.69 1.93 28.59 
FDM-DB04-X01 1298 59.02 11.24 4.58 0.13 25.03 
FDM-DB04-X02 1380 43.33 26.73 15.63 2.52 11.80 
FDM-DB04-X03 1377 66.28 15.85 2.73 0.87 14.26 
FDM-MJ01-X01 1380 24.11 29.63 24.25 4.96 17.05 
FDM-MJ01-X02 371 52.61 12.30 14.23 1.97 18.88 
FDM-MJ01-X03 602 37.44 12.36 6.80 1.16 42.25 
FDM-MJ01-X05 436 56.99 6.88 14.88 3.40 17.85 
FDM-MJ01-X06 1258 35.71 22.95 18.66 0.80 21.89 
FDM-RN01-X01 1500 53.92 0.74 5.88 0.85 38.62 
FDM-RN02-X01 1298 54.59 12.81 19.97 1.76 10.87 
FDM-RN03-X01 1914 62.01 6.86 4.54 0.34 26.25 
FDM-RN04-X01 1350 45.25 23.03 15.66 1.19 14.86 
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The modal mineralogy of the spinel peridotites varies between 40.1 – 99.2% olivine, 0.2 
– 42.1% diopside, 0 – 44.6% enstatite and 0.1 – 4.5% chromite (Table 3.2).  The grain size 
distribution of the olivine in the peridotitic samples typically follows a log-normal 
distribution (Appendix D).  Exceptions to this observation include the several samples that 
contain enough recrystallized olivine grains to generate a significant secondary peak in the 
grain size distribution histogram. Minimum olivine grain sizes range from 60 to 110 µm and 
maximum olivine grain sizes range from 2.5 to 10.0 mm. The geometric mean grain size of 
olivine in these samples ranges from 100 µm to 2 mm and has an average of 694 µm. The 
geometric mean grain size of diopside ranges from 90 to 865 µm and has an average of 325 
µm, whereas that of enstatite ranges from 120 µm to 1.2 mm and has an average of 625 µm 
(Table 3.3). Comparatively, the pyroxenites contain 0.3 – 29.1% olivine, 29.2 – 95.0% 
diopside, 0.5 – 35.7% enstatite and 0.6 – 10.7% chromite. Grain-size statistics are not 
generated for the pyroxenites because these samples do not contain enough olivine to 
assess how the distribution, size and/or crystallographic texture of the pyroxene grains may 
influence the development of microstructures (e.g., CPO) in olivine. 
3.2.1 Mount Aldaz, Usas Escarpment 
The two spinel-bearing samples that are sourced from Mt. Aldaz contain 1.1 – 71.4% 
olivine, 15.4 – 84.8% diopside, 3.4 – 12.5% enstatite and 0.7 – 10.7% chromite. Sample 
AD6021-X01 is classified as a spinel clinopyroxenite, whereas sample AD6021-X02 is a 
spinel-bearing lherzolite. Equilibration temperatures for these samples are 1017 and 1084°C, 
respectively. These temperatures correspond to depths of 57 and 63 km. 
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Sample AD6021-X01 is a chromite-rich (10.7%) 
clinopyroxenite. Spinel grains are interstitial and 
occur as holly-leaf structures. Pyroxene grains are 
large with irregular to curvilinear boundaries that 
infrequently form 120° grain boundary junctions. 
Occurrences of undulose extinction and dislocation 
walls exist within the sample (Figure 3.2). 
Comparatively, sample AD6021-X02 is a coarse-
granular spinel-bearing lherzolite. Olivine grains range in size from 80 to 6000 µm with a 
geometric mean of 815 µm. The mean size of diopside grains is 376 µm and the range of 
grain sizes extends from 60 to 2500 µm. Enstatite grains range in size from 90 to 3000 µm 
and display a geometric mean of 746 µm. Grain bulging in this sample provides evidence for 
recrystallization via strain-induced grain boundary 
migration. Dislocation walls and subgrains are 
abundant in olivine with many grain boundaries 
forming 120° triple junctions (Figure 3.3). Pyroxenes 
are interstitial with curvilinear to polygonal grain 
boundaries. Infrequently, small grains of pyroxene 
occur within larger olivine grains. Chromite is rare 
(0.7%) and unevenly distributed throughout the 
sample as it is generally found in clusters that are 
interstitial to pyroxene grains. 
 
Figure 3.2. Photomicrograph (100X) of 
dislocation walls and curvilinear 
boundaries displayed by a grain of 
enstatite within sample AD6021-X01. 
Figure 3.3. Photomicrograph (100X) of 
AD6021-X02 showing the presence of 
dislocation walls in olivine and the 
existence of 120° triple junctions along 
the boundaries of strain-free 
subgrains. 
34 
 
Table 3.2. Phase abundances are determined for forsterite (fo), enstatite (en), diopside (di) and chromite 
(ch) by removing zero solutions from the data set. Values are normalized to the primary mineralogy of the 
xenolith suite (i.e. fo, en and di) and plotted on the IUGS ternary diagram for phaneritic ultramafic rocks.   
Sample 
Phase Abundances (%) Normalized Abundances (%) 
Rock Name (IUGS) 
Fo En Di Ch Fo En Di 
AD6021-X01 1.1 3.4 84.8 10.7 1.2 3.8 95.0 Clinopyroxenite 
AD6021-X02 71.4 12.5 15.4 0.7 71.9 12.6 15.5 Lherzolite 
KSP89-181-X01 99.3 0.0 0.2 0.6 99.8 0.0 0.2 Dunite 
FDM-AV01-X01 59.0 22.9 15.7 2.4 60.4 23.5 16.1 Lherzolite 
FDM-AVBB01 59.8 17.8 19.9 2.5 61.3 18.2 20.4 Lherzolite 
FDM-AVBB02 64.5 18.6 14.4 2.5 66.1 19.1 14.7 Lherzolite 
FDM-AVBB03 0.7 24.2 62.9 12.2 0.8 27.6 71.6 Websterite 
FDM-AVBB04 48.1 17.2 32.0 2.7 49.5 17.6 32.9 Lherzolite 
FDM-AVBB05 71.1 16.0 11.3 1.6 72.3 16.2 11.5 Lherzolite 
FDM-AVBB06 56.1 25.8 16.8 1.3 56.8 26.1 17.0 Lherzolite 
FDM-AVBB07 79.0 4.6 14.0 2.4 80.9 4.8 14.3 Wehrlite 
FDM-AVBB08 40.1 18.7 38.2 3.0 41.3 19.3 39.4 Lherzolite 
FDM-BB01-X01 55.5 1.3 42.1 1.1 56.1 1.3 42.5 Wehrlite 
FDM-BB02-X01 53.2 23.9 20.9 2.0 54.3 24.4 21.3 Lherzolite 
FDM-BB03-X01 92.9 4.3 2.4 0.4 93.3 4.3 2.4 Dunite 
FDM-BB04-X01 57.5 15.3 26.1 1.1 58.2 15.5 26.4 Lherzolite 
FDM-DB01-X01 59.2 14.4 23.3 3.1 61.2 14.8 24.0 Lherzolite 
FDM-DB02-X01 69.6 14.4 15.1 0.9 70.2 14.5 15.3 Lherzolite 
FDM-DB02-X02 87.8 9.8 1.9 0.5 88.2 9.9 1.9 Harzburgite 
FDM-DB02-X03 71.7 17.6 10.2 0.6 72.1 17.7 10.2 Lherzolite 
FDM-DB02-X04 60.9 23.0 14.9 1.2 61.6 23.3 15.1 Lherzolite 
FDM-DB02-X05 0.3 0.5 95.0 4.2 0.3 0.5 99.2 Clinopyroxenite 
FDM-DB02-X06 48.0 44.6 7.3 0.1 48.0 44.7 7.3 Lherzolite 
FDM-DB02-X08 87.3 10.2 2.2 0.3 87.6 10.3 2.2 Harzburgite 
FDM-DB02-X10 65.1 19.6 15.1 0.1 65.2 19.7 15.1 Lherzolite 
FDM-DB02-X11 71.0 12.9 15.2 0.8 71.6 13.0 15.3 Lherzolite 
FDM-DB02-X12 63.1 13.8 20.5 2.7 64.8 14.2 21.0 Lherzolite 
FDM-DB02-X13 71.0 13.7 12.8 2.5 72.8 14.0 13.2 Lherzolite 
FDM-DB03-X01 89.8 6.9 1.9 1.4 91.1 7.0 1.9 Dunite 
FDM-DB03-X02 54.2 22.1 19.1 4.5 56.8 23.3 20.0 Lherzolite 
FDM-DB03-X03 58.7 21.3 17.6 2.4 60.1 21.8 18.1 Lherzolite 
FDM-DB03-X04 76.8 12.5 8.0 2.7 78.9 12.9 8.2 Lherzolite 
FDM-DB04-X01 78.7 15.0 6.1 0.2 78.9 15.0 6.1 Lherzolite 
FDM-DB04-X02 49.1 30.3 17.7 2.9 50.6 31.2 18.2 Lherzolite 
FDM-DB04-X03 77.3 18.5 3.2 1.0 78.1 18.7 3.2 Harzburgite 
FDM-DB04-X04 78.7 19.5 1.6 0.2 78.9 19.5 1.6 Harzburgite 
FDM-MJ01-X01 29.1 35.7 29.2 6.0 31.0 38.0 31.1 Olivine Websterite 
FDM-MJ01-X02 64.9 15.2 17.5 2.4 66.5 15.5 18.0 Lherzolite 
FDM-MJ01-X03 64.8 21.4 11.8 2.0 66.1 21.8 12.0 Lherzolite 
FDM-MJ01-X05 69.4 8.4 18.1 4.1 72.4 8.7 18.9 Lherzolite 
FDM-MJ01-X06 45.7 29.4 23.9 1.0 46.2 29.7 24.1 Lherzolite 
FDM-RN01-X01 87.8 1.2 9.6 1.4 89.1 1.2 9.7 Wehrlite 
FDM-RN02-X01 61.2 14.4 22.4 2.0 62.5 14.7 22.9 Lherzolite 
FDM-RN03-X01 84.1 9.3 6.2 0.5 84.5 9.3 6.2 Lherzolite 
FDM-RN04-X01 53.2 27.1 18.4 1.4 53.9 27.4 18.7 Lherzolite 
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Table 3.3. Minimum, maximum and geometric mean grain sizes are determined for olivine, diopside and 
enstatite. These values are reported alongside the number of grains (n) of each phase measured in the 
sample. Italicized values correspond to a mineral phase within a sample that has less than twenty grains. 
As a result, these values are not considered to be significant when reporting the grain-size ranges of that 
particular phase within the sample suite.  Electron backscatter diffraction data is processed to determine 
grain sizes using the equivalent area method. Due to the limitations of using a two-dimensional section, a 
scaling factor of 1.2 is applied in order to approximate three-dimensional grain diameters (Van der Wal et 
al., 1993). 
Sample 
Olivine Grain Sizes (µm) Diopside Grain Sizes (µm) Enstatite Grain Sizes (µm) 
n Min. Max. Mean n Min. Max. Mean n Min. Max. Mean 
AD6021-
X02 
312 80 6000 815 283 60 2500 376 132 90 3000 746 
KSP89-181-
X01 
1354 55 3750 455 46 60 200 108 2 70 110 91 
FDM-
AV01-X01 
412 60 4000 111 262 60 2000 200 122 80 4000 543 
FDM-
AVBB01 
2681 60 2500 214 1466 60 2000 143 896 60 4000 166 
FDM-
AVBB02 
630 60 3000 133 331 60 2000 192 195 60 5000 343 
FDM-
AVBB04 
579 60 3000 587 425 60 3000 538 216 70 4500 563 
FDM-
AVBB05 
743 60 5000 150 218 60 3000 369 188 70 5000 595 
FDM-
AVBB06 
911 60 3750 192 475 50 2000 77 298 60 5000 474 
FDM-
AVBB07 
677 70 4000 644 364 60 2000 414 165 100 2000 446 
FDM-
AVBB08 
831 60 2750 285 559 60 4000 398 296 60 4000 421 
FDM-BB01-
X01 
1698 60 3500 122 1215 60 4000 130 93 70 1500 120 
FDM-BB02-
X01 
903 55 3000 322 712 60 2000 170 453 60 3000 393 
FDM-BB03-
X01 
263 65 6000 1180 83 70 1500 383 129 90 3000 458 
FDM-
DB01-X01 
274 80 6500 885 208 60 4000 451 144 100 4000 521 
FDM-
DB02-X01 
620 60 4250 494 357 60 1500 373 308 60 2000 484 
FDM-
DB02-X02 
111 70 9000 2000 60 70 1000 113 53 150 5000 594 
FDM-
DB02-X03 
91 70 9000 210 63 60 2000 500 26 100 8000 960 
FDM-
DB02-X04 
103 70 6000 1230 88 100 2000 865 39 200 7000 902 
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Table 3.3. Continued. 
Sample 
Olivine Grain Sizes (µm) Diopside Grain Sizes (µm) Enstatite Grain Sizes (µm) 
n Min. Max. Mean n Min. Max. Mean n Min. Max. Mean 
FDM-
DB02-X06 
117 60 1000 356 629 50 3000 102 127 70 8000 1160 
FDM-
DB02-X08 
107 90 8000 1310 9 100 2000 600 48 200 4000 1200 
FDM-
DB02-X10 
145 70 7000 736 123 60 3000 236 37 70 7000 1000 
FDM-
DB02-X11 
224 70 4000 1610 206 60 2000 302 89 80 3000 795 
FDM-
DB02-X12 
135 70 6000 599 87 70 4000 377 52 70 7000 444 
FDM-
DB02-X13 
273 80 4500 933 168 80 2500 480 131 100 5000 471 
FDM-
DB03-X01 
133 110 10000 1460 39 80 1500 411 47 100 4000 1150 
FDM-
DB03-X02 
343 70 5500 545 202 60 2000 470 155 100 4000 601 
FDM-
DB03-X03 
274 70 5000 898 236 60 2500 405 142 60 6000 553 
FDM-
DB03-X04 
149 60 7000 100 29 80 5000 297 59 80 9000 524 
FDM-
DB04-X01 
117 80 9000 1450 68 60 2000 491 58 100 5000 1100 
FDM-
DB04-X02 
208 60 4500 647 168 60 3000 150 106 60 5000 1040 
FDM-
DB04-X03 
150 70 7000 1360 41 70 2000 100 73 90 6000 1010 
FDM-
DB04-X04 
114 60 8500 1310 78 60 1500 124 49 90 7000 1000 
FDM-
MJ01-X02 
244 65 3000 513 161 60 1250 315 90 80 2000 356 
FDM-
MJ01-X03 
220 60 4000 600 85 70 2000 377 86 80 5000 480 
FDM-
MJ01-X05 
163 60 5000 350 164 60 2000 186 75 60 2000 467 
FDM-
MJ01-X06 
1110 60 2750 122 718 60 2000 127 216 60 7000 530 
FDM-
RN01-X01 
292 70 4000 1290 155 70 2000 580 35 100 1500 357 
FDM-
RN02-X01 
383 70 4000 604 406 60 3000 317 154 60 4000 297 
FDM-
RN03-X01 
445 70 6000 406 906 60 3000 115 236 60 5000 291 
FDM-
RN04-X01 
377 60 4250 528 306 60 2000 432 219 80 6000 497 
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3.2.2 Mount Cumming, Executive Committee Range  
The only sample sourced from Mount Cumming (KSP89-181-X01) is a porphyroclastic 
spinel dunite containing 99.2% olivine, 0.2% diopside and 0.6% chromite. This sample 
contains low-Cr and high-Cr chromite grains from which two equilibration temperatures are 
determined: 850°C (low) and 990°C (high). This corresponds to extraction depths of 42 and 
52 km, respectively. Olivine grains range in size from 55 to 3750 µm and have a geometric 
mean grain size of 455 µm. There are relatively few diopside grains in this sample (n=46). 
Diopside displays a narrow range of grain sizes from 60 to 200 µm, and has a geometric 
mean grain size of 108 µm. Only two small (ca. 70 and 110 µm) grains of enstatite are 
indexed in this sample. 
Olivine porphyroclasts in this sample are defined by their larger size, an abundance of 
dislocation walls and the serrated to irregular shape of their boundaries. Comparatively, the 
recrystallized grains that are spalled off from the porphyroclast during subgrain rotation 
recrystallization are unstrained, smaller, and display polygonal to curvilinear boundaries that 
commonly meet to form 120° triple junctions (Figure 3.4). 
 
 
 
 
Figure 3.4. Photomicrographs (25X) of the Mount Cumming dunite (KSP89-181-X01). 
(A) Recrystallized grains are dislocation-free and commonly approach 120° triple junctions. (B) Large 
porphyroclast containing dislocation walls, a serrated grain boundary and is surrounded by smaller, 
strain-free subgrains. 
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3.2.3 Mount Avers, Fosdick Mountains  
Sample FDM-AV01-X01 is a coarse-granular spinel-bearing lherzolite with 59.0% olivine, 
15.7% diopside, 22.9% enstatite and 2.4% chromite. The sample equilibrated at 939°C, 
which corresponds to a depth of 50 km. Olivine grains range in size between 60 and 4000 
µm with a geometric mean grain size of 111 µm. Diopside grains range in size between 60 
and 2000 µm with a geometric mean grain size of 200 µm. Enstatite grains display a range of 
80 to 4000 µm with a geometric mean grain size of 543 µm. 
The olivine grains are relatively small and characterized by curvilinear to irregular 
boundaries that sometimes meet to form 120° triple junctions (Figure 3.5A). Most olivine 
only has a small amount of internal strain, but there are examples of dislocation walls and 
subgrains developing in some grains (Figure 3.5B). Diopside occurs primarily as small, 
irregularly shaped grains that are interstitial to other phase. In this sample, enstatite is quite 
large compared to the other phases. These grains have irregularly-shaped boundaries and 
contain deformation twins (Figure 3.5C). 
Figure 3.5. Photomicrographs (25X) of sample FDM-AV01-X01. (A) Grain boundaries are curvilinear and/or 
irregular, although 120° triple junctions do occur. (B) Dislocation walls and subgrain development is 
documented in olivine grains. (C) Enstatite grains are irregularly shaped and contain deformation twins. 
These grains are quite large compared to the other phases in this sample. 
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3.2.4 Mount Avers – Bird Bluff, Fosdick Mountains 
Of the eight samples sourced from volcanic centers located between Mount Avers and 
Bird Bluff, six are lherzolites, one is a wehrlite (FDM-AVBB07) and one is a websterite (FDM-
AVBB03). The spinel-bearing peridotites contain 40.1 – 79.0% olivine, 4.6 – 25.8% enstatite, 
11.3 – 38.2% diopside and 1.3 – 3.0% spinel. These samples equilibrated at temperatures 
between 779 and 940°C, which corresponds to extraction depths between 39 and 50 km. 
The spinel websterite contains 0.7% olivine, 24.2% enstatite, 62.9% diopside and 12.2% 
spinel. This sample has an equilibration temperature of 949°C, which corresponds to a depth 
of 51 km.  
Grain size distributions are compiled and evaluated for the constituent silicate phases of 
the seven peridotitic samples. Minimum and maximum olivine grain sizes range from 60 to 
70 µm and 2500 to 5000 µm, respectively. The geometric mean grain size of olivine ranges 
from 133 to 644 µm with an average of 315 µm. Minimum and maximum diopside grain 
sizes range from 50 to 60 µm and 2000 to 4000 µm, respectively. Diopside grains constitute 
the smallest grains contained within the samples sourced from Mount Avers – Bird Bluff. 
Other phases in these xenoliths have minimum grain size ranges that are greater than that 
displayed by diopside. The geometric mean grain size of diopside ranges from 77 to 538 µm 
with an average of 304 µm. Minimum and maximum enstatite grain sizes show the largest 
range of values, which range from 60 to 100 µm and 2000 to 5000 µm, respectively. 
Enstatite generally constitutes the largest grains within these samples with a geometric 
mean grain size ranging from 166 to 595 µm and an average geometric mean grain size of 
430 µm.  
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Sample FDM-AVBB01 is a spinel-bearing porphyroclastic lherzolite. Olivine 
porphyroclasts are defined by their larger size, an abundance of dislocation walls and the 
serrated to irregular shape of their boundaries (Figure 3.6A). Comparatively, the 
recrystallized olivine grains are unstrained, smaller, and display polygonal to curvilinear 
boundaries that commonly meet to form 120° triple junctions (Figure 3.6B). Diopside grains 
are small, interstitial to other phases and well-dispersed throughout the sample. These 
grains display highly irregular to curvilinear boundaries that commonly bulge into other 
constituent grains. Enstatite grains may be small, but there are several large grains that 
occur in clusters throughout the sample. These grains have lobate – cuspate boundaries and 
are mostly strain-free, although faint deformation twins are observed in a few grains. 
Bulging relationships in this sample are complex with each phase seeming to 
indiscriminately bulge into other phases (Figure 3.6C). Spinel grains are interstitial and 
spatially associated with pyroxene grains. 
 
Figure 3.6. Photomicrographs of FDM-AVBB01. (A, 25X) Highly-strained olivine porphyroclast with 
abundant dislocation walls and a serrated boundary. Grain bulging and subgrain development are also 
evident. (B, 50X) Smaller olivine grains are free of internal strain and commonly approach 120° triple 
junctions. (C, 25X) Grain bulging is evident between all constituent phases.  
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Samples FDM-AVBB02, FDM-AVBB04, FDM-AVBB06, FDM-AVBB07 and FDM-AVBB08 are 
coarse-granular peridotites with similar microstructures (Figure 3.7). Olivine microstructures 
include: undulose extinction (Figure 3.7A), well-developed triple junctions in strain-free 
grains (Figure 3.7B), curvilinear to irregular grain boundaries in strained grains (Figures 3.7A, 
C, E, F, G, and I), dislocation walls (Figures 3.7C, E, F, G and I), and triple junctions 
approaching 120° intersections (Figure 3.7E). Large enstatite grains have irregular 
boundaries and deformation twins (Figures 3.7D and E). Rare subgrain development is noted 
in enstatite grains (Figure 3.7E).  Diopside generally occurs interstitially, but some large 
grains have exsolution lamellae and irregular boundaries that bulge into adjacent grains 
(Figure 3.7H). Spinel grains are interstitial and spatially associated with pyroxenes. 
Sample FDM-AVBB05 is a coarse-tabular lherzolite with aligned spinel trails and a weak 
olivine fabric (Figure 3.8). Olivine microstructures include dislocation walls and linear to 
curvilinear boundaries that often join to form 120° triple junctions. Boundaries between 
adjacent olivine grains are linear, whereas boundaries between olivine and pyroxene are 
curvilinear to irregular. Neither pyroxene shows any deformational microstructures except 
for grain bulging. Both pyroxene phases occur as relatively large grains throughout the 
sample, but the boundaries of large enstatite grains are irregular to serrated, whereas the 
grain boundaries of diopside and smaller enstatite grains are curvilinear. 
Sample FDM-AVBB03 is a spinel websterite and is the only pyroxenite from Mount Avers 
– Bird Bluff (Figure 3.9). This sample has the greatest equilibration temperature, and is thus 
interpreted to have been extracted from the greatest depth (i.e. 66 km) of the xenoliths 
from this volcanic center. Although grain size distributions are not constructed for this  
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Figure 3.7. Photomicrographs of microstructures displayed by the coarse-granular peridotites sourced 
from Mount Avers – Bird Bluff. (A, 50X) Olivine grain in sample FDM-AVBB02, which displays undulose 
extinction and irregular to curvilinear boundaries. (B, 50X) Well-developed 120° triple junctions in olivine 
grains from sample FDM-AVBB02. (C, 25X) Olivine grains from sample FDM-AVBB04 contain abundant 
dislocation walls, have irregular boundaries and show evidence for subgrain development. (D, 25X) 
Deformation twins form in an irregularly shaped enstatite grain from sample FDM-AVBB04. (E, 25X) A 
combination of curvilinear and irregular grain boundaries are displayed by sample FDM-AVBB06. Some 
olivine grains contain dislocation walls and are forming triple junctions that approach a 120° intersection. 
Enstatite displays deformation twins. (F, 25X) Highly strained olivine grains in sample FDM-AVBB07 have 
strongly oriented dislocation walls, irregular boundaries and show evidence for subgrain development. (G, 
25X) Enstatite forms subgrains in sample FDM-AVBB07. (H, 50X) Large grains of diopside in sample FDM-
AVBB08 contain deformation twins. (I, 50X) Olivine grains in sample FDM-AVBB08 have well-developed 
dislocation walls and irregular boundaries. 
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sample and a large 
range of grain sizes is 
observed for both 
pyroxenes, the grain 
size trends observed in 
the rest of the Mount 
Avers – Bird Bluff suite 
hold true.  Enstatite 
constitutes the largest grain size fraction of this sample and diopside constitutes the 
smallest grain size fraction.  Exsolution lamellae are abundant in both diopside and enstatite 
grains. Grain boundaries are spatially variable throughout the thin section with cuspate – 
lobate, linear to curvilinear and irregular boundaries observed. The predominance of 
equilibrium textures also varies spatially in thin section - some portions display one- and 
two-pyroxene 120° triple junctions, whereas others are dominated by irregular to serrated 
boundaries. 
Figure 3.8. Photomicrographs of sample FDM-AVBB05.  
(A, 12.5X) Photomicrograph showing the presence of spinel trains. 
(B, 25X) Photomicrograph showing olivine grains that have widely 
spaced dislocation walls and form 120° triple junctions. 
Figure 3.9. Photomicrographs (25X) of sample FDM-AVBB03. (A) Exsolution lamellae in diopside grains 
that display cuspate – lobate and linear to curvilinear boundaries. There are also isolated examples of 
120° triple junctions in this portion of the thin section. (B) Exsolution lamellae in a large enstatite grain, 
which displays an irregular grain boundary. (C) Pyroxenes in this portion of the thin section dominantly 
display linear to curvilinear boundaries, which frequently form 120° triple junctions. 
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3.2.5 Bird Bluff, Fosdick Mountains 
The four samples from Bird Bluff are spinel-bearing peridotites ranging in composition 
from lherzolitic to dunitic, with one sample of intermediate composition being wehrlitic. 
These samples contain 53.2 – 92.9% olivine, 1.3 – 23.9% enstatite, 2.4 – 42.1% diopside and 
0.4 – 2.0% spinel and have equilibration temperatures between 853 and 1053°C, which 
corresponds to a depth range extending from 45 to 60 km. 
Grain size distributions are only generated for the samples from this volcanic center that 
are successfully reoriented into their kinematic frame of reference using XRCT. One 
lherzolitic sample (i.e. FDM-BB04-X01) does not meet this requirement. Minimum and 
maximum olivine grain sizes range from 55 to 65 µm and 3000 to 6000 µm, respectively. The 
geometric mean grain size of olivine ranges between 122 and 1180 µm with an average of 
541 µm. Minimum and maximum diopside grain sizes range from 60 to 70 and 1500 to 4000, 
respectively. The mean grain size of diopside in the Bird Bluff xenoliths ranges from 130 to 
383 µm with an average of 228 µm. Enstatite grains in these samples display minimum and 
maximum grain sizes ranging from 60 to 90 µm and 1500 to 3000 µm, respectively. Mean 
enstatite grain sizes range from 120 to 458 µm with an average of 324 µm. All three silicate 
phases in the wehrlitic sample from Bird Bluff (FDM-BB01-X01) display similar mean grain 
sizes, with diopside and olivine grains displaying the largest maximum grain size values. 
Comparatively, olivine grain sizes are more than 60% larger than the pyroxenes in the 
dunitic sample (FDM-BB03-X01), whereas the enstatite grains are largest within the 
successfully oriented lherzolite (FDM-BB02-X01) and their mean grain size exceeds that of 
olivine by about 20%.   
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The dunite (FDM-BB03-X01) and the unsuccessfully reoriented lherzolite (FDM-BB04-
X01) from Bird Bluff are both sourced from a depth of 45 km within the lithospheric mantle. 
Despite this similarity, these samples are compositionally heterogeneous and preserve 
different microstructures that are evident in thin section.  In terms of its microstructures, 
sample FDM-BB03-X01 is a coarse-granular dunite that is characterized by large olivine 
grains with infrequent dislocation walls and sparse evidence for grain bulging (Figure 3.10A). 
Olivine grains typically display linear to curvilinear boundaries that approach 120° triple 
junctions when it is the only phase along the interface (Figure 3.10B), whereas the 
pyroxenes display more irregular grain boundaries (Figure 3.10C).  
Compared to the dunite, the lherzolite from the same depth (FDM-BB04-X01) contains 
smaller grains that preserve microstructural evidence that implies strain is more unevenly 
distributed within this sample. Unlike the dunite, deformation twins are preserved in both 
pyroxenes (Figure 3.11A), which is likely a function of their abundance in a fertile lherzolite. 
Both grain bulging and dislocation walls are more commonly documented in this sample and 
have led to the formation of subgrains (Figure 3.11B). Grain boundaries within this sample 
are mostly irregular, but it is important to note that when three olivine grains meet at a 
Figure 3.10. Photomicrographs of FDM-BB03-X01. (A, 25X) Dislocation walls and olivine are rarely present 
in olivine. (B, 25X) Olivine grain boundaries are linear to curvilinear and commonly approach 120° triple 
junctions when in exclusive contact with other olivine grains. (C, 25X) Grain boundaries are more irregular 
along pyroxene interfaces.  
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triple junction they sometimes approach 120° intersections (Figure 3.11C), which is similar 
to what is documented for sample FDM-BB03-X01.  
Sample FDM-BB01-X01 is a coarse-grained wehrlite sourced from a depth of 51 km that 
is characterized by the abundant presence of dislocation walls in olivine and irregular grain 
boundaries that commonly bulge into adjacent grains (Figure 3.12A). These microstructures 
are remarkably similar to those observed in sample FDM-BB02-X01 – a coarse-grained 
lherzolite sourced from a depth of 60 km – but grain boundaries tend to be more curvilinear 
rather than irregular (Figure 3.12B). Furthermore, some of the larger enstatite grains within 
this sample display undulose extinction, which indicates that the crystal lattice is 
accommodating some of the imposed strain via the movement of dislocations. It is also 
important to note that this lherzolitic sample preserves larger grains with wider ranges of 
grain sizes and contains enstatite that displays undulose extinction (Figure 3.12C).  
 
Figure 3.11. Photomicrographs of sample FDM-BB04-X01. (A, 25X) Deformation twins in a diopside grain 
that is characterized by highly irregular boundaries. (B, 50X) Grain bulging is common and leads to the 
formation of subgrains. (C, 50X) Triple junctions infrequently meet to for 120° angles when three olivine 
grains come into contact with one another.    
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Figure 3.12. Photomicrographs of FDM-BB01-X01 and FDM-BB02-X01. (A, 25X) Sample FDM-BB01-X01 
contains abundant dislocation walls and irregular grain boundaries that commonly bulge. (B, 25X) Sample 
FDM-BB02-X01 preserves similar microstructures, but contains grain boundaries that tend toward 
curvilinear. (C, 50X) Sample FDM-BB02-X01 contains enstatite grains that display undulose extinction.  
3.2.6 Demas Bluff, Fosdick Mountains 
A significant proportion of the samples within the MBL xenolith suite are sourced from 
Demas Bluff (n=20), which necessitates discussing their mineralogical and microstructural 
characteristics by grouping the samples based on their lithology (e.g., lherzolite). The Demas 
Bluff spinel-bearing ultramafic xenoliths are comprised of:  fourteen lherzolites, four 
harzburgites, one dunite and one clinopyroxenite. It is important to note that Demas Bluff is 
unique as it is the only volcanic center from which harzburgites are sourced. The samples 
from this location have equilibration temperatures ranging from 803 to 1198°C, which 
correspond to extraction depths between 41 and 72 km. 
3.2.6.1 Lherzolites 
The mineralogy of the spinel-bearing lherzolites from Demas Bluff varies between 48.0 – 
78.7% olivine, 12.5 – 30.3% enstatite, 6.1 – 23.3% diopside and 0.2 – 4.5% chromite. 
Equilibration temperatures for these samples range from 861 – 1198°C, which corresponds 
to extraction depths between 57 and 98 km. Olivine grains display minimum and maximum 
grain sizes ranging from 60 to 80 µm and 1000 to 9000 µm, respectively. The geometric 
mean grain size of the olivine within these rocks ranges from 100 to 1610 µm and has an 
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average of 764 µm. Enstatite grains have minimum and maximum grain sizes ranging from 
60 to 200 µm and 2000 to 9000 µm, respectively. The geometric mean grain size of enstatite 
ranges from 444 to 1160 µm and has an average value of 754 µm, which is almost the same 
as the average geometric mean grain size determined for the olivine grains in the lherzolites. 
Comparatively, diopside is a smaller phase and displays minimum and maximum grain sizes 
that range from 60 to 100 µm and 1500 to 5000 µm, respectively. The geometric mean grain 
size of diopside ranges from 150 to 865 µm and has an average of 393 µm, which is 
approximately half the grain size of the other constituent mineral phases.  
 Due to the large number of lherzolites sourced from Demas Bluff (n=14), their 
variations with respect to mineralogy and preserved microstructures are discussed in order 
of increasing extraction depth (Table 3.4). Although there are microstructural variations that 
exist between individual xenolith samples, the Demas Bluff lherzolites can be generally 
classified as having coarse-granular and tabular microstructures that are interpreted to have 
formed in response to changes in the conditions of 
deformation with depth. Pyroxenes commonly 
contain deformation twins and grains of chromite 
within these samples tend to be interstitial and 
randomly distributed. Exceptions to these 
observations are discussed on a case-by-case basis. 
Furthermore, it is important to note that the error 
associated with the geothermometry is not 
currently being considered during this assessment. 
Thus, it must be remembered that samples having 
Table 3.4. The microstructures preserved 
by the Demas Bluff lherzolites (n=14) are 
discussed in order of increasing 
extraction depth.   
Sample Extraction Depth (km) 
FDM-DB03-X02 44 
FDM-DB02-X13 49 
FDM-DB02-X04 50 
FDM-DB03-X03 54 
FDM-DB04-X02 54 
FDM-DB02-X03 55 
FDM-DB04-X01 55 
FDM-DB03-X04 56 
FDM-DB02-X10 57 
FDM-DB01-X01 58 
FDM-DB02-X11 59 
FDM-DB02-X12 59 
FDM-DB02-X01 71 
FDM-DB02-X06 72 
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similar extraction depths may have actually been extracted from the same depth within the 
lithospheric mantle of MBL.  
Sample FDM-DB03-X02 is a coarse-granular lherzolite containing 54.2% olivine, 41.2% 
pyroxene (22.1% enstatite and 19.1%) diopside and 4.5% chromite. Olivine grains in this 
sample are dominated by linear to curvilinear boundaries and often contain dislocation 
walls. Comparatively, diopside and enstatite grains are characterized as having irregular 
grain boundaries (Figure 3.13). Although examples do exist, grains of different phases 
infrequently meet to form 120° triple junctions. It is more common to observe this 
microstructure forming between three adjacent grains of olivine. The major mineral phases 
in this sample are 
similarly sized with the 
geometric mean grain 
sizes of olivine, diopside 
and enstatite grains 
being equal to 545 µm, 
470 µm and 601 µm, 
respectively.  
Sample FDM-DB02-X13 is a coarse-granular lherzolite containing 71.0% olivine, 26.5% 
pyroxene (13.7% enstatite and 12.8% diopside) and 2.5% chromite. This xenolith was 
extracted from a similar depth as sample FDM-DB02-X04, which is also a coarse-granular 
lherzolite. Despite this, sample FDM-DB02-X04 differs from FDM-DB02-X13 in terms of both 
its mineralogy (i.e. 60.9% olivine, 23.0% enstatite, 14.9% diopside and 1.2% chromite) and 
its preserved microstructures. Olivine grains in FDM-DB02-X13 tend to have linear grain 
Figure 3.13. Photomicrographs (25X) of sample FDM-DB03-X02. (A) 
Dislocation walls in olivine. (B) Grain boundaries rarely form 120° triple 
junction, but some examples are observed. Pyroxenes are generally 
characterized by irregular grain boundaries.  
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boundaries and commonly meet to form 120° triple junctions (Figure 3.14A), whereas 
olivine grains in FDM-DB02-X04 are characterized by irregular boundaries (Figure 3.14B). 
Both samples are characterized by irregularly-shaped pyroxenes that bulge into adjacent 
grains and the presence of dislocation walls in olivine, although only sample 
FDM-DB02-X04 contains evidence for well-developed olivine subgrains (Figure 3.14C). The 
olivine grains in sample FDM-DB02-X13 have a geometric mean grain size of 933 µm, which 
is approximately twice that of either diopside (480 µm) or enstatite (471 µm).The grains in 
FDM-DB02-X04 are generally larger, but olivine displays the largest geometric mean grain 
size (1230 µm). Despite this, the geometric mean grain sizes of both diopside (865 µm) and 
enstatite (902 µm) are larger relative to the geometric mean grain size of olivine in this 
sample.  
Samples FDM-DB03-X03 and FDM-DB04-X02 are coarse-granular lherzolites that are 
both inferred to have been extracted from a depth of 54 km. Although these samples vary 
slightly with respect to their mineralogies (i.e. FDM-DB03-X03 is ca. 9% more olivine rich, 
Figure 3.14. Photomicrographs (25X) of samples FDM-DB02-X13 and FDM-DB02-X04. (A) Well-developed 
120° triple junctions and linear boundaries are observed in the olivine grains of FDM-DB02-X13, whereas 
pyroxene grains are defined by having highly irregular boundaries that commonly bulge into adjacent 
grains. (B) Some olivine grains within sample FDM-DB02-X13 contain a significant amount of internal 
strain, which is clearly shown by the yellow and blue deformation bands. (C) Well-developed olivine 
subgrains. 
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whereas FDM-DB04-X02 is ca. 9% more 
enstatite rich), both are classified as 
having a coarse-granular microstructure. 
Olivine grains display grain boundaries 
that vary between linear, curvilinear 
and/or lobate-cuspate (Figure 3.15). 
Linear boundaries are generally 
associated with strain-free grains and 
meet to form 120° triple junctions, 
whereas curvilinear and lobate-cuspate 
boundaries are generally associated with 
highly-strained grains that bulge into 
adjacent grains. These samples also contain evidence for the development of dislocation 
walls and subgrains in olivine grains. Comparatively, grains of pyroxene display irregularly-
shaped grain boundaries and contain characteristic deformation twins. Olivine grains are the 
largest in sample FDM-DB03-X03 and display a geometric mean grain size of 898 µm, which 
is nearly twice the geometric mean grain size of both diopside (405 µm) and enstatite (553 
µm). Comparatively, sample FDM-DB04-X02 is characterized by having large grains of 
enstatite (1040 µm), with smaller grains of olivine (647 µm) and even smaller grains of 
diopside (150 µm).  
Samples FDM-DB02-X03 and FDM-DB04-X01 are also coarse-granular lherzolites that are 
interpreted to be extracted from the same depth within the MBL lithosphere (i.e. 55 km). In 
terms of their mineralogies, these samples are similar with the primary exception being that 
Figure 3.15. Photomicrographs (25X) of samples 
FDM-DB03-X03 (A and B) and FDM-DB04-X02 (C and 
D). (A) Olivine grains contain dislocation walls and 
display a wide range of boundary relationships 
between adjacent grains. (B) Linear grain boundaries 
are commonly associated with strain-free grains and 
form 120° triple junctions. 
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FDM-DB02-X03 is negligibly more diopside rich  (ca. 4%), whereas FDM-DB04-X01 contains 
slightly more (ca. 6%) olivine. Microstructurally, both samples are characterized by 
abundant 120° triple 
junctions, linear to 
curvilinear boundaries 
and the occasional 
presence of widely-
spaced dislocation bands 
in olivine (Figure 3.16). 
Sample FDM-DB03-X04 is interpreted to be sourced from a similar depth as these 
xenoliths. In terms of its mineralogy, this sample is nearly identical to FDM-DB04-X01. 
Microstructurally, this sample contains the same features described above, but is classified 
as having a tabular microstructure due to the presence of spinel trains (Figure 3.17). Based 
on the geometric mean grain sizes calculated for these samples, there is considerable 
variation with respect to the sizes of their constituent mineral grains. Sample FDM-DB02-
X03 contains small grains of olivine (210 µm), with larger 
grains of diopside (500 µm) and even larger grains of 
enstatite (960 µm). Although the observed grain sizes are 
smaller for sample FDM-DB03-X04, the same relative size 
difference between olivine and the pyroxenes is 
observed. In the case of this sample, the geometric mean 
grain sizes of olivine, diopside and enstatite are 100 µm, 
297 µm and 524 µm, respectively. Unlike the other two 
Figure 3.16. Photomicrographs (25X) of samples (A) FDM-DB02-X03 
and (B) FDM-DB04-X01, which show dislocation bands in olivine and 
the prevalence of 120° triple junctions. 
Figure 3.17. Photomicrograph 
(12.5X) of sample FDM-DB03-X04 
showing the spinel trails observed 
in thin section. 
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samples extracted from this approximate depth, olivine grains are largest in sample FDM-
DB04-X01 and have a geometric mean grain size of 1450 µm. The geometric mean grain size 
of enstatite is slightly smaller (1100 µm) and that of diopside is significantly smaller (491 
µm). In all three cases, the calculated geometric mean grain size of diopside is 
approximately half that of enstatite. 
Samples FDM-DB02-X10, FDM-DB01-X01, FDM-DB02-X11 and FDM-DB02-X12 are all 
coarse-granular lherzolites that are interpreted to have been extracted from slightly greater 
depths of the MBL lithosphere (i.e. 57 – 59 km). In terms of their respective mineralogies, 
these samples are quite diverse. Sample FDM-DB01-X01 is relatively olivine-poor (59.2%) 
and contains the most pyroxene (34.3%) and chromite (3.1%), whereas sample FDM-DB02-
X11 is more olivine-rich (71.0%) and contains the least pyroxene (28.1%). Comparatively, 
samples FDM-DB02-X10 and FDM-DB02-X12 have compositions that fall between the two 
endmember cases, with the only difference between them being that FDM-DB02-X10 is 
significantly more depleted with respect to chromite (0.1%) than FDM-DB02-X12 (2.7%). 
Microstructurally, sample FDM-DB02-X10 contains olivine grains that display dislocation 
walls and the development of subgrains. Most grain boundaries are lobate – cuspate, 
although some are linear to curvilinear in nature and rarely meet to form 120° junctions 
(Figure 3.18A). In addition to the aforementioned microstructures, sample FDM-DB01-X01 
contains enstatite grains with deformation twins and infrequently displays examples of 120° 
triple junctions (Figure 3.18B). Comparatively, samples FDM-DB02-X11 and FDM-DB02-X12 
are characterized by the presence of dislocation walls in olivine, the predominance of linear 
to curvilinear boundaries and grains that commonly meet to form 120° triple junctions 
(Figure 3.18C). The geometric mean grain sizes of olivine, diopside and enstatite in sample 
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FDM-DB02-X10 are equal to 736 µm, 236 µm and 1000 µm, respectively. The largest grains 
contained within this sample are made of enstatite, whereas the largest constituent grains 
of the other three samples are made of olivine. The geometric mean grain sizes of olivine in 
samples FDM-DB01-X01 and FDM-DB02-X12 are equal to 885 µm and 599 µm, respectively. 
Furthermore, the diopside in these two samples have geometric mean grain sizes that are 
only slightly smaller (ca. 70 µm) than those of enstatite. Comparatively, sample FDM-DB02-
X11 has a geometric mean olivine grain size of 1610 µm and a geometric mean diopside 
grain size (302 µm) that is approximately 40% that of enstatite (795 µm). 
Samples FDM-DB02-X01 and FDM-DB02-X06 are the most deeply-sourced xenolith 
samples from MBL and are interpreted to be extracted from depths of 71 and 72 km, 
respectively. These xenoliths vary considerable in their mineralogies; FDM-DB02-X01 
contains 69.6% olivine, 29.5% pyroxene (14.4% enstatite and 15.1% diopside; approximately 
equal amounts) and 0.9% chromite, whereas FDM-DB02-X06 contains 48.0% olivine, 51.9% 
pyroxene (44.6% enstatite and 7.3% diopside; significantly depleted with respect to 
diopside) and 0.1% chromite. Microstructurally, sample FDM-DB02-X01 is a coarse-granular 
Figure 3.18. Photomicrographs (25X) of (A) FDM-DB02-X10 showing the development of dislocation walls 
and subgrains in olivine with rare examples of 120° triple junctions, (B) FDM-DB01-X01 showing the 
presence of dislocation walls and more abundant examples of 120° triple junctions, and (C) FDM-DB02-
X11 showing the characteristic microstructures of this sample and FDM-DB02-X12, which both contain 
linear to curvilinear boundaries are more abundant 120° triple junctions. 
55 
 
lherzolite that displays linear to curvilinear and lobate – 
cuspate boundaries, dislocation walls in olivine, and 
undulose extinction in enstatite. Although some 
exceptions exist, most grains in this sample do not meet 
to form 120° triple junctions (Figure 3.19). Sample FDM-
DB02-X06 is also a coarse-granular lherzolite, but it 
preserves different microstructures. Specifically, this 
sample is dominated by lobate – cuspate grain boundaries, 
which form as highly-strained grains bulge into adjacent grains that have less stored strain in 
their crystal lattice. Olivine grains in this sample display dislocation walls and develop 
subgrains, especially when the adjacent grains are pyroxenes (Figure 3.20). Furthermore, 
the geometric mean grain sizes observed in these two samples are quite different. Sample 
FDM-DB02-X01 displays a geometric mean olivine grain size of 494 µm, which is quite similar 
to that of enstatite (484 µm), whereas diopside grains are smaller (ca. 100 µm). 
Comparatively, the largest grains in sample FDM-DB02-X06 are enstatite, which display a 
geometric mean grain size of 1160 µm. Olivine is significantly smaller and displays a 
geometric mean 
grain size of 356 
µm, whereas 
diopside is again the 
smallest phase with 
a geometric mean 
grain size of 102 µm.   
Figure 3.19. Photomicrograph 
(25X) of FDM-DB02-X01 showing 
the character of its grain 
boundaries and the rare 
occurrence of 120° triple junctions. 
Figure 3.20. Photomicrographs of sample FDM-DB02-X06. (A, 12.5X) Grain 
boundaries that are typical of this sample. (B, 25X) Subgrains in an olivine 
grain that is adjacent to grains of pyroxene. 
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3.2.6.2 Harzburgites 
The mineralogical composition of the four spinel-bearing harzburgites from Demas Bluff 
ranges from 77.3 – 87.8% olivine, 9.8 – 19.5% enstatite, 1.6 – 3.2 diopside and 0.2 – 1.0% 
chromite. These samples are the only samples within the MBL xenolith suite that are 
classified as harzburgites and their equilibration temperatures range from 803 - 1102°C, 
which corresponds to extraction depths between 41 and 69 km. Olivine grains display 
minimum and maximum size ranges of 60 to 90 µm and 7000 to 9000 µm, respectively. The 
geometric mean grain size of olivine ranges from 1310 to 2000 µm and has an average value 
of 1495 µm. In addition to being the most abundant mineral, olivine is also the phase that 
displays the largest grain sizes. Enstatite is far less abundant than olivine, but displays 
minimum and maximum grain size ranges of 90 to 200 µm and 4000 to 7000 µm, 
respectively. The geometric mean grain size of enstatite ranged from 594 to 1200 µm and 
has an average value of 1239 µm, which is only marginally smaller than the average 
geometric mean grain size of olivine. Although harzburgites are clinopyroxene-poor 
peridotites, the grain size distribution of diopside is evaluated for these samples. The 
minimum and maximum size of diopside grains range from 60 – 100 µm and 1000 – 2000 
µm, respectively. The geometric mean grain size of diopside ranges from 100 to 600 µm and 
has an average of 234 µm, which is significantly smaller than the sizes obtained by the 
phases that have not been depleted from the rock (i.e. olivine and enstatite). 
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All of the harzburgites have tabular 
microstructures, which is based on the alignment 
of elongated olivine grains in thin section (Figure 
3.21). Sample FDM-DB02-X02 is dominated by 
lobate – cuspate grain boundaries, but linear 
boundaries separate some aligned grains of 
olivine. Olivine generally displays dislocation walls, 
although some display undulatory extinction 
(Figure 3.22A). Samples FDM-DB02-X08 and FDM-DB04-X04 contain similar microstructures 
to FDM-DB02-X02, but they contain a moderate amount of 120° triple junctions and display 
linear grain between aligned olivine grains. Unlike the other harzburgites, sample FDM-
DB04-X03 preserves aligned grains of both olivine, enstatite and diopside (Figure 3.22B). 
Otherwise, it is microstructurally similar to samples FDM-DB02-X08 and FDM-DB04-X04. 
Three of the harzburgites have large geometric mean olivine grain sizes with marginally 
smaller geometric mean 
enstatite grain sizes, and 
small (ca. 100 µm) 
geometric mean diopside 
grain sizes. Comparatively, 
sample FDM-DB02-X02 
contains the largest 
geometric mean olivine 
grain size of the MBL xenolith suite (2000 µm), but displays a geometric mean enstatite 
grain size (594 µm) that is approximately 70% smaller than that of olivine. 
Figure 3.21. Photomicrograph 
(12.5X) showing the alignment of 
elongated olivine grains in sample FDM-
DB02-X08. 
Figure 3.22. (A, 12.5X) Photomicrograph of sample FDM-DB02-
X02 showing dislocation walls and undulatory extinction in 
olivine. (C, 25X) Photomicrograph of FDM-DB04-X03 showing 
aligned grain boundaries between olivine, enstatite and diopside.  
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3.2.6.3 Dunite 
The spinel-bearing dunite from Demas Bluff (FDM-DB03-X01) contains 89.8% olivine, 
6.9% enstatite, 1.9% diopside and 1.4% chromite. When these values are normalized for 
plotting on an IUGS ternary diagram, they become 91.1% olivine, 7.0% enstatite and 1.9% 
diopside. This sample straddles the mineralogical threshold between being a dunite and a 
harzburgite, and is in fact quite similar in composition to the most depleted harzburgite of 
the MBL xenolith suite (FDM-DB02-X02). Based on the application of the olivine – spinel 
geothermometer, this dunite either equilibrated at 862°C (42 km) or 995°C (52 km). This 
discrepancy is the direct result of this sample containing to spinel grains that contain 
different concentrations of chromium. Olivine grain sizes in this sample range from 110 to 
10000 µm and display a geometric mean grain size of 1460 µm. These are the largest values 
determined for both the minimum and maximum olivine grain size out of the entire suite of 
MBL peridotites. Although much less abundant than olivine, enstatite grains are also quite 
large with sizes ranging from 100 to 4000 µm and a geometric mean of 1150 µm. Diopside 
grains range in size from 80 to 1500 µm and have a geometric mean of 411 µm, which is 
significantly smaller than the grain sizes of the other silicate phases. 
This tabular xenolith is unique in terms of its preserved microstructures because it 
contains a quadruple-junction boundary between grains of olivine and enstatite (Figure 
3.23A), which is a disequilibrium microstructure that is generally accepted as evidence for 
the operation of grain-boundary sliding (Ashby and Verrall, 1973). Comparatively, 120° triple 
junctions are observed between adjacent grains of olivine, which are also characterized by 
the presence of dislocation walls, evidence for subgrain formation, and curvilinear to linear 
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grain boundaries (Figure 3.23B). Grains of enstatite generally display lobate – cuspate grain 
boundaries (Figure 3.23C).   
 
 
 
3.2.6.4 Clinopyroxenite 
The spinel-bearing clinopyroxenite from Demas Bluff (FDM-DB02-X05) contains 0.3% 
olivine, 0.5% enstatite, 95.0% diopside and 4.2% chromite. This sample has an equilibration 
temperature of 958°C, which corresponds to an extraction depth of 51 km. This sample 
contains abundant interstitial glass that presumably formed as melt during exhumation and 
rapidly cooled once at the surface (Figure 3.24A and B). Although infrequent, some diopside 
grains display minor undulose extinction (Figure 3.24C). 
3.2.7 Marujupu Peak, Fosdick Mountains 
Four of the five xenoliths sourced from Marujupu Peak are lherzolites and the remaining 
sample is an olivine websterite. The equilibration temperatures for the lherzolites range 
from 929 to 1070°C (50 – 61 km), whereas the olivine websterite has an equilibration 
temperature of 898°C (48 km). In terms of their mineralogies, the lherzolites contain 45.7 –  
Figure 3.23. Photomicrographs (25X) of the tabular dunite sourced from Demas Bluff (FDM-DB03-X01). 
(A) Quadruple-junction grain boundary between grains of olivine and enstatite is preserved. (B) Olivine 
grains that are in contact with other grains of olivine are generally characterized by having dislocation 
walls, showing evidence for subgrain formation and meeting to form 120° triple junctions. (C) Grains of 
enstatite have lobate – cuspate grain boundaries. 
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69.4% olivine, 26.5 – 53.3% pyroxene (8.4 – 29.4% enstatite and 11.8 – 23.9% diopside) and 
1.0 – 4.1% chromite. Interestingly, samples FDM-MJ01-X02 and FDM-MJ01-X03 are almost 
identical in terms of their mineralogies (i.e. 64.8 – 64.9% olivine, 32.7 – 33.2% pyroxene and 
2.0 – 2.4% chromite) and have similar equilibration temperatures of 974°C and 929°C, 
respectively. Comparatively, the olivine websterite contains 29.1% olivine, 64.9% pyroxene 
(35.7% enstatite and 29.2% diopside) and 6.0% chromite. 
The minimum and maximum sizes of olivine grains in the lherzolites range from 60 – 65 
µm and 2750 – 5000 µm, respectively. The geometric mean grain size of olivine size ranges 
from 122 – 600 µm. Diopside grains are generally smaller with minimum, maximum and 
geometric mean grain sizes ranging from 60 – 70 µm, 1250 – 2000 µm and 127 – 377 µm. 
Similar to olivine, the grains of enstatite are also relatively large in these samples and display 
minimum, maximum and geometric mean grain sizes ranging from 60 – 80 µm, 2000 – 7000 
µm and 356 – 530 µm, respectively. The geometric mean grain size of the olivine grains in 
samples FDM-MJ01-X02 (513 µm) and FDM-MJ01-X03 (600 µm) indicates that the olivine 
Figure 3.24. Photomicrographs of FDM-DB02-X05. (A, 12.5X) Photomicrograph of the thin section as 
viewed through plane-polarized light. There is an abundant amount of interstitial glass along grain 
boundaries. (B, 25X) Photomicrograph viewed through plane-polarized light focusing on chromite grains 
surrounded by glass. (C, 25X) Photomicrograph viewed through cross-polarized light that shows an 
example of weak undulose extinction that has developed in diopside.    
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grains are the largest in this sample, whereas both enstatite and diopside have smaller 
geometric mean grain sizes (356 – 480 µm and 315 – 377 µm, respectively). Comparatively, 
the largest geometric mean grain sizes contained within samples FDM-MJ01-X05 (467 µm) 
and FDM-MJ01-X06 (530 µm) are displayed by enstatite. The olivine in sample FDM-MJ01-
X05 displays a slightly smaller geometric mean grain size (350 µm) than enstatite, which is 
also larger than that of diopside (186 µm), whereas the olivine in sample FDM-MJ01-X06 is 
significantly smaller than enstatite (122 µm) and is similar in size to diopside (127 µm).  
All of the xenolith samples from Marujupu Peak have coarse-granular microstructures 
that are characterized by olivine grains containing dislocation walls (Figure 3.22). The grain 
boundaries preserved in the olivine websterite (FDM-MJ01-X01) generally have a lobate – 
cuspate appearance, although there are examples of linear boundaries between olivine and 
enstatite that approach 120° triple junctions (Figure 3.25A). The grain boundaries preserved 
within the Marujupu Peak lherzolites generally have a more linear geometry. There are also 
lobate – cuspate 
boundaries preserved by 
these xenolith samples, 
which tend to be more 
common when adjacent 
grains are not of the 
same phase (Figure 
3.25B).  
 
 
Figure 3.25. Photomicrographs (25X) of xenolith samples sourced from 
Marujupu Peak, which both show the existence of dislocation walls in 
olivine. (A) Olivine websterite (FDM-MJ01-X01) dominated by lobate – 
cuspate grain boundaries with linear boundaries between grains of 
contrasting phase. (B) Lherzolites are dominated by linear boundaries, 
but there are examples of lobate – cuspate boundaries, which are 
favored between grains of contrasting phase. 
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3.2.8 Recess Nunatak, Fosdick Mountains 
Three of the four peridotite samples from Recess Nunatak are lherzolites and the final 
sample (FDM-RN01-X01) is a wehrlite. The equilibration temperatures for these samples 
ranges from 812 to 961°C (42 – 52 km), but it should be noted that there is a bimodal 
distribution of the samples between the extremes of this temperature range. Samples FDM-
RN02-X01 and FDM-RN04-X01 equilibrated at the low end (828°C and 812°C, respectively), 
whereas samples FDM-RN01-X02 and FDM-RN03-X01 equilibrated at the high end (961°C 
and 943°C, respectively). Due to this observation, these samples are discussed in the 
aforementioned pairs.  
In terms of their mineralogies observed within these xenoliths, FDM-RN02-X01 and 
FDM-RN04-X01 contain 53.2 – 61.2% olivine, 36.8 – 45.5% pyroxene (14.4 – 27.1% enstatite 
and 18.4 – 22.4% diopside) and 1.4 – 2.0% chromite. Olivine constitutes the largest grains 
within these samples with minimum, maximum and geometric mean grain sizes ranging 
from 60 – 70 µm, 4000 – 4250 µm and 528 – 604 µm, respectively. The diopside grains in 
sample FDM-RN02-X01 range in size from 60 – 3000 µm and have a geometric mean of 317 
µm. Although diopside has a smaller range of grain sizes than that displayed by enstatite (60 
– 4000 µm), the geometric mean grain size of enstatite is marginally smaller (297 µm). 
Comparatively, the enstatite grains in sample FDM-RN04-X01 range in size from 80 – 6000 
µm and have a geometric mean grain size of 497 µm. In this case, the diopside grains display 
a smaller range of grain sizes (60 – 2000 µm) and have a marginally smaller geometric mean 
grain size (432 µm) compared to enstatite. Both samples FDM-RN02-X01 and FDM-RN04-
X01 have a coarse-granular microstructure, which is characterized by the presence of 
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dislocation walls and subgrains in olivine, deformation twins in diopside, and grain 
boundaries that are variable between curvilinear and lobate – cuspate (Figure 3.26) 
 
Figure 3.26. Photomicrographs (25X) of the coarse-granular lherzolite samples from Recess Nunatak. 
(A) FDM-RN02-X01 is a coarse-granular lherzolite that contains olivine with dislocation walls and has grain 
boundaries that vary from curvilinear to lobate – cuspate. (B) In addition to what is observed in FDM-
RN02-X01, sample FDM-RN04-X01 also preserves evidence for the development of olivine subgrains. 
 
Samples FDM-RN01-X01 and FDM-RN03-X01 contain 84.1 – 87.8% olivine, 10.8 – 15.5% 
pyroxene (1.2 – 9.3% enstatite and 6.2 – 9.6% diopside) and 0.5 – 1.4 chromite. Despite the 
fact FDM-RN01-X01 is a wehrlite and FDM-RN03-X01 is a lherzolite, both samples are 
depleted with respect to pyroxene relative to the samples sourced from a shallower depth 
beneath this volcanic center (i.e. approaching a dunitic composition). The grain sizes 
observed in the wehrlite are large compared to those in the lherzolite. Olivine grain sizes for 
sample FDM-RN01-X01 range in size from 70 – 4000 µm and have a geometric mean grain 
size of 1290 µm. Diopside grains in this sample are significantly smaller as they range in size 
from 70 – 2000 µm and have a geometric mean grain size of 580 µm. As is expected of the 
most depleted phase within a sample, the enstatite grains within this sample are the 
smallest and range in size from 100 – 1500 µm with a geometric mean grain size of 357 µm. 
Comparatively, the olivine grains in FDM-RN03-X01 are smaller than those observed in the 
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wehrlite and range in size from 70 – 6000 µm with a geometric mean grain size of 406 µm. 
The enstatite grains within this sample are smaller and range in size from 60 – 5000 µm with 
a geometric mean grain size of 291 µm. The smallest grains within this sample are diopside, 
which displays grain sizes ranging from 60 – 3000 µm and has a geometric mean grain size of 
115 µm. Sample FDM-RN01-X01 is a porphyroclastic wehrlite (Figure 3.27A). In the sample, 
the larger grains of olivine contain store more strain energy on their crystal lattice than the 
smaller subgrains, which is evidenced by the presence of dislocation walls in olivine 
porphyroclasts and their absence in subgrains. The strained grains preserved within this 
sample are also generally characterized as having lobate – cuspate grain boundaries (Figure 
3.27A), whereas the grain boundaries of unstrained grains are linear to curvilinear and 
commonly approach or attain 120° intersections at their triple junctions (Figure 3.27B). 
Comparatively, sample FDM-RN03-X01 is a coarse-granular lherzolite that is 
microstructurally similar to samples FDM-RN02-X01 and FDM-RN04-X01.  
 
Figure 3.27. Photomicrographs of sample FDM-RN01-X01. (A, 25X) Photomicrograph showing the 
porphyroclastic texture of this sample, the presence of dislocation walls in olivine and the lobate – 
cuspate grain boundaries associated with strained grains. (B, 25X) Photomicrograph showing the linear to 
curvilinear appearance of grain boundaries surrounding unstrained grains. 
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3.3 OLIVINE CRYSTALLOGRAPHIC PREFERRED ORIENTATION AND TEXTURAL STRENGTH 
The crystallographic preferred orientation (CPO) of the constituent silicate phases is 
quantified for all peridotite samples that meet two important criteria (n=38): (1) the sample 
must be reoriented into its fabric frame of reference successfully and (2) it must contain a 
sufficient amount of grains of each phase to quantitatively assess its textural strength (i.e. J- 
and M-indices) and the symmetry of its crystallographic axes (i.e. the BA-index; Figure 3.28). 
Two lherzolite samples sourced from Demas Bluff (FDM-DB02-X06 and FDM-DB03-X04) do 
not fit this criteria because they contain an insufficient number of olivine grains, and there is 
one lherzolite from Bird Bluff (FDM-BB04-X01) that is not considered for textural analyses 
because it was not successfully reoriented using high-resolution XRCT. 
The sections that follow summarize the results of EBSD analyses in order to thoroughly 
assess the extent to which the lithospheric mantle beneath Marie Byrd Land is texturally 
heterogeneous. These results also constitute a critical dataset for the manuscript by 
Chatzaras et al. (in revision; Appendix A) that complements the interpretations that are 
further described within this thesis. The work of Chatzaras et al. (in revision) relies on the 
EBSD data obtained as part of this thesis to examine the relationship between fabric 
geometry (i.e. SPO) and the development of multiple known olivine textures (i.e. CPOs). 
Based on the results of experimental studies, variations in olivine texture are generally 
attributed to the activation of different slip systems in response to variations in the 
parameters of deformation (e.g., temperature, water content) rather than the geometry of 
deformation. The conclusions drawn from the manuscript of Chatzaras et al. (in revision) 
vary dramatically from what is expected based solely on the results of experimental work, 
and in turn have the potential to change the long-standing paradigm surrounding what 
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variables ultimately control the development of various olivine textures. In order to 
investigate the complete findings discussed within the confines of the Chatzaras et al. (in 
revision) manuscript, the reader is directed to Appendix A, which contains the full journal 
article that is currently awaiting publication.     
The majority of samples within the MBL peridotite suite display axial-[010] (n=15) or A-
type (n=15) olivine textures (Appendix E). Despite this predominance, axial-[100] (n=6), B-
type (n=1) and random (n=1) textures are also documented within the suite (Figure 3.29). 
The axial-[010] textures have J-indices and M-indices ranging from 1.7 – 4.1 and 0.08 – 0.21, 
respectively. The average value of the J-index for axial-[010] textures is 2.9, whereas the 
average M-index of these samples is equal to 0.15. Overall, A-type textures tend to be 
stronger with J- and M-indices ranging from 1.4 – 9.0 and 0.07 – 0.37, respectively (Table 
3.5).  
3.3.1 Mount Aldaz, Usas Escarpment 
Sample AD6021-X02 is a lherzolite that displays an axial-[010] olivine texture with a J-
index of 3.5 and an M-index of 0.19, which means that the olivine grains in this sample are 
texturally stronger than the average observed in samples having the same texture. The 
grains of enstatite and diopside in this sample both display stronger crystallographic 
textures than olivine. Enstatite has J- and M-indices equal to 6.0 and 0.20, respectively, 
whereas diopside has J- and M-indices equal to 3.6 and 0.44, respectively.  
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Figure 3.28. Plot of the M-index of olivine versus the BA-index of olivine, which is used to quantitatively 
discriminate between different olivine textures. If the BA-index is less than 0.35 the olivine has an axial-
[010] texture (i.e. AG-type), whereas a BA-index greater than 0.65 is indicative of an axial-[100] texture (i.e. 
D-type) in olivine. Samples with a BA-index between 0.35 and 0.65 have an orthorhombic olivine texture 
(i.e. A or B-type textures).  
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Table 3.5. The peridotite samples sourced from MBL are listed alongside their lithology and the olivine 
textures they preserve. Textural strength indices (M and J) are provided for all three silicate phases 
provided there are a sufficient number of grains to characterize the sample, whereas the BA-index is only 
provided for olivine because it is a diagnostic tool that is used to quantitatively determine the olivine 
texture when ODFs are ambiguous. Ol = olivine, en = enstatite and di = diopside. Axial-[010] and axial-
[100] textures are listed as AG and D-type olivine textures, respectively.  
Sample Lithology 
Olivine Enstatite Diopside 
Olivine 
Texture J M BA J M J M 
AD6021-X02 Lherzolite AG 3.5 0.19 0.27 6.0 0.20 3.6 0.44 
KSP89-181-X01 Dunite D 4.3 0.34 0.81 - - - - 
FDM-AV01-X01 Lherzolite A 2.9 0.17 0.43 4.7 0.21 3.6 0.43 
FDM-AVBB01 Lherzolite AG 2.2 0.12 0.13 1.7 0.06 1.6 0.44 
FDM-AVBB02 Lherzolite AG 2.0 0.11 0.22 3.6 0.16 2.7 0.42 
FDM-AVBB04 Lherzolite AG 1.9 0.09 0.22 7.4 0.15 5.3 0.44 
FDM-AVBB05 Lherzolite AG 1.7 0.14 0.31 4.7 0.20 3.7 0.43 
FDM-AVBB06 Lherzolite AG 1.9 0.08 0.25 2.7 0.10 2.5 0.42 
FDM-AVBB07 Wehrlite AG 1.9 0.08 0.26 7.6 0.13 2.6 0.42 
FDM-AVBB08 Lherzolite AG 3.3 0.11 0.26 3.1 0.16 5.3 0.39 
FDM-BB01-X01 Wehrlite A 1.4 0.07 0.48 - - 3.0 0.42 
FDM-BB02-X01 Lherzolite Random 1.4 0.02 0.42 2.0 0.05 2.5 0.43 
FDM-BB03-X01 Dunite AG 4.1 0.21 0.12 3.4 0.24 - - 
FDM-DB01-X01 Lherzolite A 2.8 0.14 0.60 4.8 0.22 4.2 0.45 
FDM-DB02-X01 Lherzolite D 3.0 0.20 0.74 2.0 0.05 4.0 0.43 
FDM-DB02-X02 Harzburgite A 9.0 0.36 0.51 - - - - 
FDM-DB02-X03 Lherzolite A 4.5 0.31 0.37 - - - - 
FDM-DB02-X04 Lherzolite AG 3.9 0.20 0.33 - - - - 
FDM-DB02-X08 Harzburgite A 7.1 0.37 0.48 - - - - 
FDM-DB02-X10 Lherzolite A 4.3 0.26 0.58 - - 10.0 0.46 
FDM-DB02-X11 Lherzolite A 3.5 0.19 0.38 - - 5.4 0.48 
FDM-DB02-X12 Lherzolite AG 3.3 0.15 0.17 - - - - 
FDM-DB02-X13 Lherzolite D 2.3 0.08 0.67 5.6 0.26 4.0 0.45 
FDM-DB03-X01 Dunite D 5.5 0.25 0.68 - - - - 
FDM-DB03-X02 Lherzolite AG 2.8 0.20 0.28 4.4 0.15 5.4 0.45 
FDM-DB03-X03 Lherzolite D 2.7 0.09 0.77 3.7 0.33 5.0 0.43 
FDM-DB04-X01 Lherzolite AG 4.0 0.19 0.23 - - - - 
FDM-DB04-X02 Lherzolite AG 3.4 0.16 0.29 5.2 0.18 4.2 0.45 
FDM-DB04-X03 Harzburgite D 4.9 0.17 0.86 - - - - 
FDM-DB04-X04 Harzburgite A 4.4 0.28 0.56 - - - - 
FDM-MJ01-X02 Lherzolite A 4.0 0.20 0.50 - - 4.0 0.44 
FDM-MJ01-X03 Lherzolite A 2.7 0.09 0.51 - - - - 
FDM-MJ01-X05 Lherzolite AG 3.8 0.16 0.33 - - 6.7 0.48 
FDM-MJ01-X06 Lherzolite A 1.5 0.12 0.41 2.6 0.22 2.8 0.42 
FDM-RN01-X01 Wehrlite A 4.3 0.25 0.44 - - 4.6 0.46 
FDM-RN02-X01 Lherzolite A 2.7 0.16 0.57 4.9 0.28 3.7 0.43 
FDM-RN03-X01 Lherzolite B 2.8 0.16 0.43 1.5 0.33 9.8 0.47 
FDM-RN04-X01 Lherzolite A 2.7 0.20 0.62 3.2 0.20 3.5 0.46 
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Figure 3.29. (1 of 3). Crystallographic preferred orientation (CPO), low-angle misorientation and shape 
preferred orientation (SPO) of olivine grains are shown for the MBL xenolith suite. Samples are arranged 
in order of increasing BA-index. Image source: Chatzaras et al. (in revision). 
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Figure 3.29. (2 of 3).  
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Figure 3.29. (3 of 3). 
 
 
3.3.2 Mount Cumming, Executive Committee Range 
Sample KSP89-181-X01 is a dunite that displays an axial-[100] olivine texture with the J- 
and M-indices of olivine equal to 4.3 and 0.34, respectively. As these values are greater than 
the average values calculated for the samples with axial-[100] textures, this sample is 
texturally stronger. Textural strength is not evaluated for the pyroxenes in this sample 
because there are too few grains to be statistically significant.  
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3.3.3 Mount Avers, Fosdick Mountains 
Sample FDM-AV01-X01 is a lherzolite that displays an A-type olivine texture with J- and 
M-indices equal to 2.9 and 0.17, respectively, which indicates that this sample is texturally 
weak compared to other peridotites characterized by the same texture. The textural indices 
for both enstatite and diopside are greater than those calculated for olivine, with J-indices 
equal to 4.7 and 3.6, respectively, and M-indices equal to 0.21 and 0.43, respectively. 
3.3.4 Mount Avers – Bird Bluff, Fosdick Mountains  
The seven peridotites sourced from Mount Avers – Bird Bluff all display axial-[010] 
olivine textures. The J-indices for these samples range from 1.7 – 3.3, whereas the M-indices 
range from 0.08 to 0.14. Interestingly, the sample having the largest M-index value also has 
the smallest value of the J-index. Based solely on the values calculated for the J-index, it 
seems that these samples are both texturally stronger and weaker than other samples 
having an axial-[010] texture. Despite this observation, it is important to note that all of the 
M-index values calculated for these samples are less than the average M-index value 
calculated for all samples with an axial-[010] texture, which implies they are all texturally 
weak compared to the other samples.  
Although there are exceptions to this observation, the textural indices calculated for 
enstatite are generally greater than those calculated for diopside, which are in turn usually 
greater than those calculated for olivine. Specifically, the J- and M-indices of enstatite range 
from 1.7 – 7.6 and 0.06 – 0.20, respectively, whereas the J- and M-indices of diopside range 
from 1.6 – 5.3 and 0.39 – 0.44, respectively. Sample FDM-AVBB01 is unique because the 
values calculated for the J-indices of enstatite (1.7) and diopside (1.6) are both less than the 
value determined for the olivine grains (2.2). Comparatively, the M-index of enstatite (0.06) 
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is also less than that of olivine for this sample, whereas the M-index of diopside (0.44) is 
significantly higher than the other values calculated for this sample. Additionally, sample 
FDM-AVBB08 is of interest because it contains enstatite grains with a J-index of 3.1 (i.e. less 
than that of olivine) and an M-index of 0.16 (i.e. greater than that of olivine), whereas the 
textural intensity of the diopside in this sample is greater than that of the other two silicate 
phases. All the peridotites from this volcanic center are lherzolites except for 
FDM-AVBB07, which is a wehrlite. Although this does not seem to impact the textural 
strength of olivine or diopside, it should be noted that the enstatite grains within this 
sample seem to have a strong texture based on their J-index value of 7.6. Despite this 
observation, the M-index of enstatite in this sample is equal to 0.13, which implies a 
somewhat weaker crystallographic texture developed in enstatite. 
3.3.5 Bird Bluff, Fosdick Mountains 
Each of the three samples sourced from Bird Bluff displays a different olivine texture. 
Sample FDM-BB01-X01 is a wehrlite with an A-type texture. The J- and M-indices for olivine 
in this sample are quite weak and are equal to 1.4 and 0.07, respectively, whereas the 
diopside grains display stronger textures with J- and M-indices equal to 3.0 and 0.42, 
respectively. This sample does not contain a statistically significant number of enstatite 
grains. Comparatively, sample FDM-BB02-X01 is a lherzolite with a random (i.e. annealed) 
olivine texture. The J- and M-indices for olivine are 1.4 and 0.02, respectively, which are 
comparable to the values determined for FDM-BB01-X01. Both the enstatite and the 
diopside within this sample preserve stronger textures than olivine. The J- and M-indices of 
enstatite are equal to 2.0 and 0.05, respectively, whereas diopside is texturally strongest 
with J- and M-indices of 2.5 and 0.43, respectively. Sample FDM-BB03-X01 is a dunite that 
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preserves an axial-[010] olivine texture with J- and M-indices equal to 4.1 and 0.21, 
respectively, which means this sample is texturally strong compared to the other samples 
that display an axial-[010] olivine texture. The enstatite grains within this sample have a J-
index that is less than that of olivine (3.4) and an M-index that is greater than that of olivine 
(0.24), whereas there are too few diopside grains to adequately assess their crystallographic 
texture in this sample.  
3.3.6 Demas Bluff, Fosdick Mountains 
Considering ca. 45% of the MBL peridotite xenoliths that meet the criteria for textural 
analyses are sourced from Demas Bluff (n=17), these samples are grouped and discussed 
based on the olivine CPO that they preserve. Five lherzolitic samples from Demas Bluff 
display axial-[010] olivine textures, which have average J-, M-, and BA-indices equal to 3.5, 
0.18 and 0.25, respectively. Of these samples, only two have a sufficient number of enstatite 
and diopside grains to quantify the textural indices of these phases. The average J- and M-
indices for enstatite are 4.8 and 0.17, respectively, whereas those for diopside are equal to 
4.8 and 0.45, respectively. Seven peridotites (i.e. lherzolites and harzburgites) have A-type 
olivine textures. The average J-, M- and BA-indices for olivine are 5.1, 0.27 and 0.50, 
respectively. Sample FDM-DB01-X01 is the only Demas Bluff sample with an A-type olivine 
texture that also has enough enstatite grains to determine its textural strength. The 
enstatite within this sample has J- and M-indices of 4.8 and 0.22, respectively. This sample 
and two other A-type lherzolites from Demas Bluff contain enough grains of diopside to 
determine average J- and M-index values of 6.5 and 0.46, respectively. The five remaining 
samples are peridotites (i.e. lherzolites, a harzburgite and a dunite) that preserve axial-[100] 
olivine textures, and have average J-, M- and BA-index values of 3.7, 0.16 and 0.74, 
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respectively.  The three axial-[100] lherzolites from Demas Bluff also contain a sufficient 
number of enstatite and diopside grains to assess their textural strength. The average J- and 
M-indices of enstatite are equal to 3.8 and 0.21, respectively, whereas those of diopside are 
equal to 4.3 and 0.44, respectively.  
3.3.6.1 Xenoliths that display axial-[010] olivine textures 
The five peridotite samples from Demas Bluff with an axial-[010] olivine texture are 
classified as lherzolites. The J- and M-indices for the olivine within these samples range from 
2.8 – 4.0 and 0.15 – 0.20, respectively. The textural strength of pyroxene is evaluated in 
samples FDM-DB03-X02 and FDM-DB04-X02. Although the values for the J-index of enstatite 
are higher than those of olivine (4.4 – 5.2), the M-indices of enstatite (0.15 – 0.18) fall within 
the range of those displayed by olivine. Comparatively, the J-index of diopside ranges from 
4.2 – 4.5 and the M-index for both samples is equal to 0.45, which imply it is the phase that 
displays the strongest texture in these two samples.   
3.3.6.2 Xenoliths that display A-type olivine textures 
Four of the seven peridotite samples from Demas Bluff that preserve an A-type olivine 
texture are lherzolites, whereas the other three are classified as harzburgites. The J- and M- 
-indices of olivine in the lherzolites range from 2.8 – 5.1 and 0.14 – 0.31, respectively, 
whereas those calculated for the harzburgites range from 4.4 – 9.0 and 0.28 – 0.37, 
respectively. Although there is some overlap between the calculated ranges, olivine 
generally develops a stronger texture in harzburgites than in lherzolites sourced from Demas 
Bluff. No harzburgites contain a sufficient amount of enstatite or diopside grains to quantify 
their textural strength or their crystallographic symmetry. In fact, there is only one A-type 
lherzolite from Demas Bluff (FDM-DB01-X01) that contains enough grains of both enstatite 
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and diopside to assess their textures. Both the J- and M-indices for enstatite in this sample 
(i.e. 4.8 and 0.22, respectively) are greater than those of olivine (i.e. 2.8 and 0.14, 
respectively). Two additional lherzolites (FDM-DB02-X10 and FDM-DB02-X11) contain 
enough diopside grains to evaluate its textural strength. The J- and M-indices for diopside in 
these two samples ranges from 5.4 – 10.0 and 0.46 – 0.48, respectively. These values are 
larger than any other textural index calculated for all of the Demas Bluff peridotites.  
3.3.6.3 Xenoliths that display axial-[100] olivine textures 
Three of the five peridotite samples sourced from Demas Bluff that preserve an axial-
[100] olivine texture are lherzolites, whereas one is classified a harzburgite (FDM-DB04-X03) 
and the final sample from this volcanic center is classified as a dunite (FDM-DB03-X01). The 
J- and M-indices of olivine in the lherzolites range from 2.3 – 3.0 and 0.08 – 0.20, 
respectively. The olivine textures preserved in the depleted samples are stronger with J- and 
M-indices ranging from 4.9 – 5.5 and 0.17 – 0.25, respectively. Only the lherzolites contain a 
sufficient number of enstatite and diopside grains to quantify the textural strength of these 
phases. The J- and M-indices for enstatite range from 2.0 – 3.7 and 0.05 – 0.33, respectively, 
whereas those calculated for diopside are the largest with values ranging from 4.0 – 5.0 and 
0.43 – 0.45, respectively. The textural strength of the pyroxenes is greater than that of 
olivine in samples FDM-DB02-X13 and FDM-DB03-X03, but the enstatite contained within 
sample FDM-DB02-X01 displays the weakest texture within this sample.  
3.3.7 Marujupu Peak, Fosdick Mountains 
Three of the four lherzolites sourced from Marujupu Peak preserve A-type olivine 
textures, whereas the remaining lherzolite displays an axial-[010] olivine texture. The J- and 
M-indices for these samples range from 2.7 – 4.3 and 0.16 – 0.25, respectively. The A-type 
77 
 
olivine texture preserved in sample FDM-MJ01-X02 is the strongest quantified for the 
samples from this volcanic center. Interestingly, the strength of the two other A-type olivine 
textures is similar to that of the sample with an axial-[010] olivine texture (FDM-MJ01-X05). 
Although samples FDM-MJ01-X02 and FDM-MJ01-X05 do not have enough enstatite grains 
to assess their textural strength, they do contain a sufficient number of diopside grains. In 
sample FDM-MJ01-X01 the J-index of diopside is equal to 4.0 (i.e. less than that calculated 
for olivine), whereas the M-index of diopside is equal to 0.44 (i.e. greater than that 
calculated for olivine). Comparatively, the J- and M-indices of diopside in this sample are 
equal to 6.7 and 0.48, respectively, both of which are greater than the values calculated for 
olivine. The J- and M-indices can be calculated for both the enstatite and the diopside in 
sample FDM-MJ01-X06. Enstatite grains display J- and M-indices equal to 2.6 and 0.22, 
respectively. The diopside grains in this sample display the largest values for J- and M-
indices, which equal 2.8 and 0.42, respectively. Sample FDM-MJ01-X01 is the only sample 
from this volcanic center that does not contain enough enstatite or diopside grains to draw 
any conclusions about the textural strength of these phases.  
3.3.8 Recess Nunatak, Fosdick Mountains 
Three of the four peridotite samples sourced from Recess Nunatak are lherzolites, 
whereas the remaining sample (FDM-RN01-X01) is classified as a wehrlite. The wehrlitic 
sample displays an A-type olivine texture that is the strongest of all the Recess Nunatak 
xenoliths and has J- and M-indices that are equal to 4.3 and 0.25, respectively. Although this 
sample does not contain enough grains of enstatite to quantify its texture, the grains of 
diopside within FDM-RN01-X01 display a J-index of 4.6 and an M-index of 0.46, which 
implies their crystallographic texture is stronger than the texture developed in olivine grains. 
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Two of the lherzolitic samples (FDM-RN02-X01 and FDM-RN04-X01) display weaker A-type 
olivine textures, which both have a J-index equal to 2.7 and M-indices equal to 0.16 and 0.20, 
respectively. The third lherzolite from Recess Nunatak (FDM-RN03-X01) is the only sample 
that displays a B-type olivine texture within the MBL xenolith suite. This texture is quantified 
as having a J-index of 2.8 and an M-index of 0.16, which is quite similar to the textural 
indices that are quantified for the other lherzolites from this volcanic center. The results of 
experimental studies imply a significant amount of water (>200 ppm H/Si) is required to 
activate the slip systems that are thought to be responsible for the development of a B-type 
olivine CPO (e.g., Jung and Karato, 2001). 
The grains of pyroxene that occur in the lherzolitic samples with A-type olivine textures 
(i.e. FDM-RN02-X01 and FDM-RN04-X01) display stronger crystallographic textures than the 
olivine grains in these samples. In sample FDM-RN02-X01 the J- and M- indices for enstatite 
are 4.9 and 0.28, respectively, whereas the J- and M-indices for enstatite in sample FDM-
RN04-X01 are equal to 3.2 and 0.20, respectively. The J- and M-indices for the diopside in 
sample FDM-RN02-X01 are equal to 3.7 and 0.43, respectively, which are greater than the 
values calculated for olivine and less than those determined for the grains of enstatite 
within this sample. The diopside in sample FDM-RN04-X01 has J- and M-indices that are 
equal to 3.5 and 0.46, respectively, which are greater than the values determined for both 
the olivine and the enstatite in this sample. The lherzolitic sample with a B-type olivine 
texture contains enstatite grains that display a J-index of 1.5, which is less than the value of 
the J-index for olivine in this sample. Despite this, the M-index for enstatite in this sample is 
equal to 0.33, which is greater than that of the olivine within this sample. Comparatively, 
both the J- and M-indices calculated for the grains of diopside in this sample are equal to 9.8 
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and 0.47, respectively, which implies that these grains preserve a significantly stronger 
crystallographic texture either olivine or enstatite. 
3.3.9 Phase abundance and textural strength 
A significant amount of research has been focused on understanding the rheological 
behavior of Earth’s lithospheric mantle through the application of laboratory-derived flow 
laws that are only applicable to olivine (Equation 1), which comprises most (ca. 60-65%) of 
the upper mantle. As a result, there is uncertainty surrounding how secondary phases (i.e. 
pyroxenes) influence olivine deformation processes in naturally deformed peridotites 
(Hansen and Warren, 2015). This uncertainty is exacerbated by the fact that some 
researchers have suggested that pyroxenes in mantle rocks inhibit the growth of olivine 
grains, which in turn promotes the operation of grain-size sensitive deformation 
mechanisms (i.e. diffusion creep; e.g., Warren and Hirth, 2006; Toy et al., 2010). 
Alternatively, conclusions drawn from field-based observations imply pyroxene is stronger 
than olivine in a natural setting, which would counteract the effect of inhibited grain growth 
in olivine (e.g., Tikoff et al., 2010). Furthermore, there is an increasing body of research 
being conducted on polyphase aggregates that implies both phase morphology and phase 
arrangement can significantly impact how a rock accommodates strain at the 
microstructural level, which directly influences its bulk strength (e.g., Tullis et al., 1991). 
Due to the potential influence of pyroxene abundance, morphology, and/or distribution 
on olivine deformation, it is important to discuss how the presence of these secondary 
phases (i.e. enstatite and diopside) may have influenced the type and intensity of the olivine 
CPO textures preserved within the MBL peridotite suite. The discussion that follows focuses 
on how olivine textures and grain sizes vary with respect to the abundance of secondary 
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phases (i.e. lithology). Prior to examining these interphase relationships, it is helpful to 
develop an understanding of how the textural strength indices calculated for all silicate 
phases vary throughout the sample suite (Table 3.6). Although values are given for the J-
index, the reader is reminded that this value is highly sensitive to the number of grains 
measured and is difficult to interpret (Skemer et al., 2005).    
Overall, diopside CPO textures display the highest values of both the M- and J-index; 
values range from 0.39 – 0.48 and 1.6 – 10.0, respectively.  The values for the M-index of 
diopside are significantly higher than those calculated for the other phases, whereas the 
range of values for the J-index of diopside is only slightly greater than what is observed in 
either olivine or enstatite. Despite this, recent research concludes that olivine deformation 
is not sensitive to the morphology of clinopyroxene (Gerbi et al., 2015). Although the two 
orthorhombic silicate minerals (i.e. olivine and enstatite) have textures that are comparable 
in strength, olivine textures are marginally stronger. Values for the M- and J-indices of 
enstatite range from 0.05 – 0.33 and 1.5 – 7.6, respectively. Comparatively, the M- and J-
indices of olivine range from 0.02 – 0.37 and 1.4 – 9.0, respectively. 
Table 3.6. Ranges of values for the textural indices are calculated for the three silicate phases within the 
MBL xenolith suite and subdivided according to sample lithology. Ranges for the entire suite are also given.    
M-index 
Olivine Enstatite Diopside 
Minimum Maximum Minimum Maximum Minimum Maximum 
Dunites 0.21 0.34 0.24 0.24 - - 
Harzburgites 0.17 0.37 - - - - 
Lherzolites 0.02 0.31 0.05 0.33 0.39 0.48 
Wehrlites 0.07 0.25 0.13 0.13 0.42 0.46 
Overall 0.02 0.37 0.05 0.33 0.39 0.48 
J-index Olivine Enstatite Diopside 
Minimum Maximum Minimum Maximum Minimum Maximum 
Dunites 4.1 5.5 3.4 3.4 - - 
Harzburgites 4.4 9.0 - - - - 
Lherzolites 1.4 4.5 1.5 7.4 1.6 10 
Wehrlites 1.4 4.3 7.6 7.6 2.6 4.6 
Overall 1.4 9.0 1.5 7.6 1.6 10 
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In order to discuss how olivine deforms in response to variations in the abundance of 
secondary phases for each sample within the MBL xenolith suite, the total pyroxene content 
is plotted against values calculated for: the geometric mean grain size of olivine, the mean 
differential stress determined from the olivine grain size piezometer, the M-index of olivine, 
and the J-index of olivine (Figure 3.30). The geometric mean grain size of olivine displays an 
inverse relationship with respect to pyroxene content, whereas values of mean differential 
stress increase with pyroxene content. This follows logic based on the application of the 
olivine grain size piezometer – smaller grains are inherently associated with larger values of 
differential stress. Comparatively, the geometric mean grain sizes calculated for both 
diopside and enstatite display no correlation with pyroxene content (Figure 3.31).   
Plotting the values of the M- and J-indices against total pyroxene content shows that 
textural strength decreases with increasing pyroxene content (Figure 3.32). This observation 
follows logic – when a higher percentage of secondary phases exist, these phases will also 
be responsible for accommodating strain within a body of rock. It must also be considered 
that higher percentages of pyroxene content are associated with smaller olivine grains that 
are more likely to deform by diffusion creep, which is a deformation mechanism that is 
thought to weaken crystallographic textures in naturally deformed peridotites (e.g., Hirth 
and Kohlstedt, 2003; Warren and Hirth, 2006; Falus et al., 2011; Précigout and Hirth, 2014). 
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Figure 3.30. (Top) Plot showing an inverse relationship exists between pyroxene abundance and the 
geometric mean grain size of olivine. Olivine textures are labelled with axial-[010] and axial-[100] textures 
referred to as “AG” and “D,” respectively. Notice that there is no correlation between grain size, texture, 
and/or pyroxene content. (Bottom) Plot showing the direct relationship between pyroxene abundance 
and the mean differential stress values determined using the olivine grain size piezometer.  
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Figure 3.31. Plots showing the lack of correlation between the grain sizes for either of the pyroxenes and 
total pyroxene content. Olivine textures are labelled with axial-[010] and axial-[100] textures referred to 
as “AG” and “D,” respectively. Notice that there is no correlation between grain size, olivine texture, 
and/or pyroxene content. (Top) Enstatite. (Bottom) Diopside.  
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Figure 3.32 Plots showing the inverse relationship that exists between pyroxene content and both of the 
textural strength indices. (Top) M-index. (Bottom) J-index. 
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3.4 DEFORMATION MECHANISMS AND ESTIMATIONS OF PALEOSTRESS MAGNITUDE 
Deformation mechanism maps (DMMs) imply that the olivine grains within the MBL 
peridotite xenoliths store strain on their crystal lattices primarily through the operation of 
dislocation-accommodated grain-boundary sliding (Figure 3.33; Appendix F), which is 
consistent with microstructural observations of the suite (e.g., the existence of quadruple 
junctions between grains of contrasting phase; Section 3.1). Application of the olivine grain 
size piezometer indicates that the suite experienced differential stresses ranging from 0.5 
MPa to 50 MPa with mean differential stresses ranging from 4 to 30 MPa and an average 
mean differential stress of 15 MPa (Table 3.7). 
It is important to note that some of the estimates of differential stress provided herein 
differ from those presented by Chatzaras et al. (in revision; cf. Appendix A). The 
complementary manuscript aims to quantify the values of maximum differential stress 
recorded by the MBL xenolith suite, which requires the mean grain size of recrystallized 
grains to be used for piezometry. By doing this, Chatzaras et al. (in revision) are able to 
examine how olivine textures change as a function of maximum stress, which is not a goal of 
this thesis. Comparatively, this study aims to quantify values of mean differential stress, 
which consider the entire grain size distribution (i.e. recrystallized grain populations are 
ignored).   
Twenty-two of the thirty-eight xenoliths (ca. 58%) that constitute the peridotitic 
samples sourced from MBL preserve a mean differential stress that is between 6 and 10 
MPa. Only two samples, both of which are sourced from Demas Bluff, display values of 
mean differential stress that are less than or equal to 5 MPa. An additional six samples 
preserve mean differential stresses between 11 and 15 MPa, whereas the remaining eight 
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samples preserve mean differential stresses that are greater than 15 MPa. The four samples 
displaying the highest value of mean differential stress within the MBL suite (i.e. 30 MPa) 
are sourced from Marujupu Peak, Mount Avers, Bird Bluff and a volcanic center located 
between the latter two volcanic centers (AVBB). Furthermore, it is important to note that 
the range of mean differential stresses estimated for each volcanic center generally tend to 
increase towards the western-most longitudes of the study area (Table 3.8). Demas Bluff – 
the southernmost volcanic center within the Fosdick Mountains – deviates from this trend. 
Despite this, one of the samples sourced from this location preserves a mean differential 
stress of 20 MPa, which is greater than the average of the mean differential stresses 
preserved by the entire MBL peridotite xenolith suite. The strain rates associated with the 
deformation of the MBL xenolith suite range from 10-17/s to 10-11/s. 
 
 
Figure 3.33. Deformation mechanism maps are constructed for olivine based on the operation of four 
deformation mechanisms (i.e. low-temperature plasticity, dislocation creep, dislocation-accommodated 
grain boundary sliding (disGBS) and diffusion creep. The piezometer corresponds to that described by 
Warren and Hirth (2006) and is based on the data of Karato et al. (1980) and Van der Wal et al. (1993). 
Gray boxes correspond to the range of mean grain sizes within the xenoliths that deformed at the set of 
pressure and temperature conditions. Based on the distribution of grain sizes, the extrapolation of the 
disGBS flow law of Hansen et al. (2011) implies the dominant deformation mechanism operating within 
the MBL xenoliths is disGBS. Image source: Chatzaras et al. (in revision).   
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Table 3.7. The minimum, maximum and geometric mean grain sizes for olivine are given for all peridotitic 
samples from MBL. The minimum differential stress corresponds with the maximum grain size, whereas 
the maximum differential stress corresponds with the minimum grain size. The geometric mean grain size 
calculated for each sample is used to estimate the mean differential stress experienced by each sample. 
These values differ from those presented in Chatzaras et al. (in revision; cf. Appendix A) because 
subpopulations of recrystallized grains are disregarded within the confines of this study. Values for mean 
differential stress that vary significantly (i.e. >10 MPa) are denoted with an asterisk.  
Sample 
Min. Grain Size 
(µm) 
Max. Grain 
Size (µm) 
Geo. Mean 
Grain Size 
(µm) 
Min. ∆σ 
(MPa) 
Max. ∆σ 
(MPa) 
Geo. Mean 
∆σ (MPa) 
AD6021-X02 80 6000 815 2 40 9 
KSP89-181-X01 55 3750 455 3 50 12 
FDM-AV01-X01 60 4000 111 3 50 30 
FDM-AVBB01 60 2500 214 4 50 20 
FDM-AVBB02 60 3000 133 3 50 30 
FDM-AVBB04 60 3000 587 3 50 10 
*FDM-AVBB05 60 5000 150 2 50 12 
FDM-AVBB06 60 3750 192 3 50 20 
FDM-AVBB07 70 4000 644 3 45 10 
FDM-AVBB08 60 2750 285 3 50 20 
FDM-BB01-X01 60 3500 122 3 50 30 
FDM-BB02-X01 55 3000 322 3 50 10 
FDM-BB03-X01 65 6000 1180 2 45 7 
FDM-DB01-X01 80 6500 885 2 40 8 
FDM-DB02-X01 60 4250 494 2 50 11 
FDM-DB02-X02 70 9000 2000 0.5 45 4 
FDM-DB02-X03 70 9000 210 0.5 45 20 
FDM-DB02-X04 70 6000 1230 2 45 6 
FDM-DB02-X08 60 1000 356 1 40 6 
FDM-DB02-X10 90 8000 1310 1 45 9 
FDM-DB02-X11 70 7000 736 3 45 5 
FDM-DB02-X12 70 4000 1610 2 45 10 
FDM-DB02-X13 70 6000 599 2 40 7 
FDM-DB03-X01 80 4500 933 0.5 30 6 
FDM-DB03-X02 110 10000 1460 2 45 10 
FDM-DB03-X03 70 5500 545 2 45 8 
FDM-DB04-X01 70 5000 898 0.5 40 6 
FDM-DB04-X02 60 7000 100 2 50 10 
FDM-DB04-X03 80 9000 1450 1 45 6 
FDM-DB04-X04 60 4500 647 0.5 50 6 
FDM-MJ01-X02 70 7000 1360 3 45 10 
*FDM-MJ01-X03 60 8500 1310 3 50 10 
*FDM-MJ01-X05 65 3000 513 2 50 15 
FDM-MJ01-X06 60 4000 600 3 50 30 
FDM-RN01-X01 60 5000 350 3 45 6 
FDM-RN02-X01 60 2750 122 3 45 10 
FDM-RN03-X01 70 4000 1290 2 45 15 
FDM-RN04-X01 70 4000 604 2 50 11 
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Table 3.8. Xenolith-bearing volcanic centers of MBL listed in order of increasing westward longitude 
(modified from Chatzaras et al., in revision). 
Volcanic Center Latitude 
(°S) 
Longitude 
(°W) 
Range of Mean 
∆σ Values (MPa) 
Average of Mean 
∆σ Values (MPa) 
USAS Escarpment     
Mount Aldaz 76.051 124.417 9 9 
     
Executive Committee Range     
Mount Cumming 76.667 125.820 12 12 
     
Fosdick Mountains     
Recess Nunatak 76.519 144.507 6 – 15 11 
Bird Bluff 76.504 144.598 7 – 30 16 
Demas Bluff 76.568 144.853 4 – 20 8 
Mount Avers 76.481 145.396 30 30 
Marujupu Peak 76.508 145.670 10 – 30 16 
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4 CONCLUSIONS AND SYNOPSIS  
In order to describe the heterogeneity of the lithospheric mantle of MBL, it is imperative to 
consider the microstructural variations occurring both within and between the individual 
volcanic centers. Studying variations that occur with depth at an individual volcanic center 
allows for the development of a more detailed view of the vertical structure of the lithospheric 
mantle at that point. Subsequent assessments focusing on how vertical heterogeneities differ 
between each of the volcanic centers provide the means to understand lateral variations. 
Collectively, these assessments help improve our three-dimensional understanding of how 
deformation is being accommodated within the lithospheric mantle of MBL today. In turn, this 
may directly inform on the behavior of the West Antarctic Rift System and the extent to which 
active rifting may be continuing to drive subaerial and subglacial volcanism in West Antarctica.  
4.1 VERTICAL HETEROGENEITIES WITHIN INDIVIDUAL VOLCANIC CENTERS OF MBL 
The volcanic centers from which more than one peridotitic xenolith sample is sourced 
are ideal for assessing the vertical structure of the lithospheric mantle beneath MBL. There 
are three volcanic centers (i.e. Mount Aldaz, Mount Cumming and Mount Avers) from which 
only one peridotite xenolith is sourced. Although there is a significant amount of 
information recorded within these samples, there is no way to assess the vertical 
heterogeneities that are documented in the mantle by the rocks from these locations.  
4.1.1 Mount Aldaz, Usas Escarpment 
The samples from Mount Aldaz preserve equilibration temperatures ranging from 1017 
to 1084°C, which is a range that corresponds to depths between 57 and 63 kilometers. Due 
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to the fact there is only one peridotite sourced from this volcanic center, the microstructural 
heterogeneity occurring with depth cannot be assessed at this location. Despite this, it is 
apparent that the samples display mineralogical heterogeneities on the sub-ten-kilometer-
scale because both a clinopyroxenite and a lherzolite occur over a narrow six kilometer 
depth interval (Table 4.1; Figure 4.1).  
Table 4.1. Xenoliths from Mount Aldaz are arranged in order of increasing equilibration temperature 
alongside a summary of their microstructural and mineralogical properties. Note that sample AD6021-X01 
is a clinopyroxenite (< 40% olivine), which means that it does not contain enough grains of olivine to 
either quantify the CPO or apply the recrystallized grain size piezometer. 
Sample T (°C) 
h 
(km) Rock Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and 
Mean G.S. (µm) 
Mean 
∆σ 
(MPa) ol di en % px 
AD6021-
X01 
1017 57 Clinopyroxenite - - - 
1.2 
- 
95.0 
- 
3.8 
- 
98.8 - 
AD6021-
X02 
1084 63 Lherzolite AG 3.5 0.19 
71.9 
815 
15.5 
376 
12.6 
746 
28.1 9 
 
 
 
Figure 4.1. (Left) Relative extraction depths for the Mount Aldaz xenoliths are plotted on the geothermal 
gradient calculated by Chatzaras et al. (in revision). (Right) Ternary diagram showing the mineralogical 
variations of the Mount Aldaz xenoliths.  
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4.1.2 Mount Cumming, Executive Committee Range 
Neither the microstructural nor the mineralogical heterogeneity of the lithospheric 
mantle can be assessed at Mount Cumming because there is only one sample sourced from 
this volcanic center (Table 4.2; Figure 4.2). This sample is an axial-[100] dunite that 
equilibrated between 862 and 995°C. 
Table 4.2. Microstructural and mineralogical properties of the xenolith from Mount Cumming. There are 
two equilibration temperatures because spinel grains show compositional heterogeneity in terms of Cr-
content on the thin section scale.  
Sample T (°C) 
h 
(km) 
Rock 
Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean 
G.S. (µm) Mean 
∆σ 
(MPa) ol di en % px 
KSP89-181-
X01 (lo-Cr) 
862 42 
Dunite D 4.3 0.34 
99.8 
455 
0.2 
108 
0.0 
91 
0.2 12 
KSP89-181-
X01 (hi-Cr) 
995 52 
 
 
Figure 4.2. (Left) Two extraction depths for the Mount Cumming xenolith are plotted on the geothermal 
gradient. Due to the absence of pyroxene, the olivine-spinel exchange thermometer is applied, which 
leads to the calculation of two extraction depths based on variations in chromium (Cr) content. 
(Right) Ternary diagram that shows the mineralogical composition of the Mount Cumming dunite. 
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4.1.3 Mount Avers, Fosdick Mountains  
Similar to Mount Cumming, there is only one sample sourced from Mount Avers, which 
prevents heterogeneity from being evaluated at this volcanic center (Table 4.3; Figure 4.3). 
This sample displays an A-type olivine fabric and equilibrated at a depth of 50 km.  
Table 4.3. Microstructural and mineralogical properties of the xenolith from Mount Avers. 
Sample T (°C) 
h 
(km) 
Rock 
Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean 
G.S. (µm) 
Mean 
∆σ 
(MPa) ol di en % px 
FDM-AV01-
X01 
939 50 Lherzolite A 2.9 0.17 
60.4 
111 
16.1 
200 
23.5 
543 
39.6 30 
 
 
Figure 4.3. (Left) Extraction depth for the Mount Avers lherzolite is plotted on the geothermal gradient 
calculated. (Right) Ternary diagram showing the mineralogical composition of the Mount Avers lherzolite. 
4.1.4 Mount Avers – Bird Bluff, Fosdick Mountains 
The seven peridotitic xenoliths sourced from Mount Avers – Bird Bluff display extraction 
depths ranging from 39 – 51 km and remain microstructurally homogeneous over this 12 km 
interval (Table 4.4; Figure 4.4). All samples preserve axial-[010] textures that display average 
J- and M-indices of 2.1 and 0.10, respectively. Furthermore, the xenoliths record a narrow 
range of mean differential stresses (10 – 30 MPa) with an average of 17 MPa. There is no 
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apparent correlation between the magnitude of the textural strength indices and 
temperature, phase abundance, mean grain size or mean differential stress. 
Despite their similarities, the peridotitic samples are slightly heterogeneous with respect 
to their compositions as they range from slightly peridotitic (i.e. 41.3% olivine) to borderline 
wehrlitic (i.e. 4.8% enstatite). This variation does not coincide with variations in temperature. 
The mineralogical heterogeneity within this subset of the MBL xenolith suite is further 
exacerbated by the existence of a websterite containing almost no olivine (0.8%). This 
sample is interpreted to have been sourced from a depth of 51 km, which is a depth at with 
lherzolites are also documented. Thus, mineralogical heterogeneity is inferred to vary on the 
sub-kilometer-scale within this portion of the lithospheric mantle of MBL.   
Table 4.4. Xenoliths from Mount Avers – Bird Bluff are arranged in order of increasing equilibration 
temperature alongside a summary of their microstructural and mineralogical properties. Note that sample 
FDM-AVBB03 is a pyroxenite (< 40% olivine), which means that it does not contain enough grains of 
olivine to either quantify the CPO or apply the recrystallized grain size piezometer.  
Sample T (°C) 
h 
(km) 
Rock 
Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean G.S. 
(µm) 
Mean 
∆σ 
(MPa) ol di en % px 
FDM-
AVBB02 
779 39 Lherzolite AG 2.0 0.11 
66.1% 
214 
14.7% 
192 
19.1% 
343 
33.8 30 
FDM-
AVBB07 
805 41 Wehrlite AG 1.9 0.08 
80.9% 
644 
14.3% 
414 
4.8% 
446 
19.1 10 
FDM-
AVBB05 
814 42 Lherzolite AG 1.7 0.14 
72.3% 
150 
11.5% 
369 
16.2% 
595 
27.7 12 
FDM-
AVBB04 
822 42 Lherzolite AG 1.9 0.09 
49.5% 
587 
32.9% 
538 
17.6% 
563 
50.5 10 
FDM-
AVBB08 
832 43 Lherzolite AG 3.3 0.11 
41.3% 
285 
39.4% 
398 
19.3% 
421 
58.7 20 
FDM-
AVBB01 
937 50 Lherzolite AG 2.2 0.12 
61.3% 
214 
20.4% 
143 
18.2% 
166 
38.6 20 
FDM-
AVBB06 
940 50 Lherzolite AG 1.9 0.08 
56.8% 
192 
17.0% 
77 
26.1% 
474 
43.1 20 
FDM-
AVBB03 
949 51 Websterite - - - 
0.8% 
- 
71.6% 
- 
27.6% 
- 
99.2 - 
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Figure 4.4. (Left) Extraction depths for the Mount Avers – Bird Bluff xenoliths are plotted on the 
geothermal gradient. (Right) Ternary diagram showing the mineralogical variation between the Mount 
Avers – Bird Bluff samples. 
 
4.1.5 Bird Bluff, Fosdick Mountains 
The peridotite xenoliths sourced from Bird Bluff equilibrated at temperatures between 
853 and 1053°C, which corresponds to extraction depths spanning from 45 to 60 km. There 
are significant variations with respect to the microstructural and mineralogical properties of 
these rocks that occur over this 15 km depth range (Table 4.5; Figure 4.5). Crystallographic 
textures are heterogeneous on the sub-ten- kilometer-scale with samples preserving axial-
[010], A-type and random olivine CPOs. The axial-[010] texture preserved in the dunite is 
stronger than either the A-type or the random texture, with the latter two displaying 
approximately the same values for both the J- and M-indices. Furthermore, this sample 
preserves the highest percentage (93.3%) and largest diameter (1180 µm) of olivine grains 
at this volcanic center, but is also inferred to be the weakest with a low mean differential 
stress value of 7 MPa. Comparatively, the strongest xenolith from this volcanic center is a 
wehrlite that preserves a mean differential stress of 30 MPa. Although this is a minor 
95 
 
variation, these samples are sourced from similar depths (i.e. 45 and 51 km), which further 
supports the conclusion that this portion of the lithospheric mantle is structurally 
heterogeneous on the sub-ten-kilometer-scale.  
Table 4.5. Xenoliths from Bird Bluff are arranged in order of increasing equilibration temperature 
alongside a summary of their microstructural and mineralogical properties. Note that XRCT analyses for 
sample FDM-BB04-X01 did not successfully reorient the samples into its kinematic frame of reference. 
Sample T (°C) 
h 
(km) 
Rock 
Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean G.S. 
(µm) 
Mean 
∆σ 
(MPa) ol di en % px 
FDM-
BB04-
X01 
853 45 Lherzolite - - - 
58.2% 
- 
26.4% 
- 
15.5% 
- 
41.9 - 
FDM-
BB03-
X01 
856 45 Dunite AG 4.1 0.21 
93.3% 
1180 
2.4% 
383 
4.3% 
458 
6.7 7 
FDM-
BB01-
X01 
945 51 Wehrlite A 1.4 0.07 
56.1% 
122 
42.5% 
130 
1.3% 
120 
43.8 30 
FDM-
BB02-
X01 
1053 60 Lherzolite Rand. 1.4 0.02 
54.3% 
322 
21.3% 
170 
24.4% 
393 
45.7 10 
 
 
Figure 4.5. (Left) Extraction depths for the Bird Bluff xenoliths are plotted on the geothermal gradient. 
(Right) Ternary diagram showing the mineralogical variation between the Mount Avers – Bird Bluff 
samples. 
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Both a fertile mantle lherzolite and the pyroxene-depleted dunite are inferred to have 
been extracted from the same depth beneath this volcanic center (i.e. 45 km). As 
temperature increases, the samples from this volcanic center quickly transition from 
lherzolitic to dunitic and subsequently evolve towards lithologies with increasingly higher 
pyroxene contents. These observations lead to the conclusion that the lithospheric mantle 
beneath Bird Bluff displays mineralogical heterogeneities on the sub-ten-kilometer-scale. 
Although the wehrlite is depleted with respect to enstatite, the total amount of pyroxene in 
this sample (43.8%) is consistent with the total amount of pyroxene documented in the 
lherzolites from this volcanic center, which implies the operation of some geological process 
that allows for diopside enrichment (e.g., melt migration).  
4.1.6 Demas Bluff, Fosdick Mountains 
The Demas Bluff xenoliths sample the lithospheric mantle of MBL between depths of 41 
and 72 km. These samples are microstructurally heterogeneous on the sub-five-kilometer 
scale and mineralogically heterogeneous on the sub-ten-kilometer scale (Table 4.6; Figure 
4.6). Olivine textures alternate between axial-[010], A- and axial-[100] independent of 
variations in either grain size or temperature. Interestingly, only the lherzolites display all 
three textures documented at this volcanic center and they are also the only samples that 
record axial-[010] textures. The textural strength indices calculated for these axial-[010] 
CPOs is relatively consistent with J- and M- indices ranging from 2.8 to 4.0 and 0.15 to 0.20, 
respectively. Comparatively, the xenoliths that are depleted with respect to pyroxene 
display either A-type or axial-[100] textures. Axial-[100] textures (i.e. D-type) are marginally 
stronger and more variable than the axial-[010] textures, whereas A-type (i.e. orthogonal) 
textures are the strongest and span a larger range of values than either other CPO (i.e. 2.8 ≤ 
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J ≤ 9.0 and 0.14 ≤ M ≤ 0.37). The strongest textures within the Demas Bluff xenoliths belong 
to two of the harzburgitic samples with A-type olivine CPOs that occur at different depths 
within the MBL mantle (i.e. 41 and 54 km), which further emphasizes the extent to which 
heterogeneity is observed at this volcanic center. 
In terms of mineralogy, the Demas Bluff xenolith suite is predominantly comprised of 
lherzolites with other lithologies occurring over several narrow depth intervals (i.e. 41 – 44 
km, 54 – 59 km and 71 – 72 km). Harzburgitic and dunitic samples occur at the shallowest 
depths (i.e. 41 – 44 km) and samples quickly transition to lherzolites between depths of 44 
and 50 km.  These samples are separated from another sequence of lherzolites (54 – 59 km) 
by the Demas Bluff clinopyroxenite and two harzburgites. Mineralogical heterogeneity 
cannot be assessed between 60 and 68 km because no samples are sourced from these 
depths. Importantly, the most deeply-sourced harzburgite occurs at a depth of 69 km, which 
is used to infer the existence of mineralogical heterogeneities between the lherzolites at 59 
and 71 km. 
When focusing on the mineralogy of the four harzburgites from this volcanic center, it is 
important to mention that they fall into two groups. Samples FDM-DB02-X08 and FDM-
DB02-X02 are remarkably similar in terms of their mineralogies even though they are 
separated by a distance of approximately 13 km. Comparatively, sample FDM-DB04-X04 is 
sourced from approximately the same depth as FDM-DB02-X02, but its mineralogy parallels 
that of FDM-DB04-X02, which is from 16 km deeper within the lithospheric mantle of MBL. 
There is also vertical variation with respect to the modal mineralogy of the Demas Bluff 
lherzolites. Although most contain more than 60% olivine, three samples contain between 
48.0 and 56.8% olivine. These xenoliths are sourced from dramatically different depths 
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within the lithospheric mantle (i.e. 44, 54 and 72 km). Thus, is it concluded that there is no 
apparent correlation between phase abundance and equilibration temperature.  
Table 4.6. The twenty xenoliths from Demas Bluff are arranged in order of increasing equilibration 
temperature alongside a summary of their microstructural and mineralogical properties. Note that 
samples FDM-DB02-X06 and FDM-DB03-X04 did not contain enough olivine grains to confidently assess 
the preserved textures or apply the piezometer. 
Sample T (°C) 
h 
(km) Rock Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean 
G.S. (µm) 
Mean 
∆σ 
(MPa) ol di en % px 
FDM-
DB02-
X08 
803 41 Harzburgite A 7.1 0.37 
87.6 
1310 
2.2 
600 
10.3 
1200 
12.5 6 
FDM-
DB03-
X01 
856 44 Dunite D 5.5 0.25 
91.1 
1460 
1.9 
411 
7.0 
1150 
8.9 6 
FDM-
DB03-
X02 
861 44 Lherzolite AG 2.8 0.20 
56.8 
545 
20.0 
470 
23.3 
601 
43.3 10 
FDM-
DB02-
X13 
911 49 Lherzolite D 2.3 0.08 
72.8 
933 
13.2 
480 
14.0 
471 
27.2 7 
FDM-
DB02-
X04 
933 50 Lherzolite AG 3.9 0.20 
61.6 
1230 
15.1 
865 
23.3 
902 
38.4 6 
FDM-
DB02-
X05 
958 52 Clinopyroxenite - - - 
0.3 
- 
99.2- 
0.5 
- 
99.7 - 
FDM-
DB04-
X04 
968 53 Harzburgite A 4.4 0.28 
78.9 
1310 
1.6 
124 
19.5 
1000 
21.1 6 
FDM-
DB02-
X02 
978 54 Harzburgite A 9.0 0.36 
88.2 
2000 
1.9 
113 
9.9 
594 
11.8 4 
FDM-
DB03-
X03 
982 54 Lherzolite D 2.7 0.09 
60.1 
898 
18.1 
405 
21.8 
553 
39.9 8 
FDM-
DB04-
X02 
984 54 Lherzolite AG 3.4 0.16 
50.6 
647 
18.2 
150 
31.2 
1040 
49.4 10 
FDM-
DB04-
X01 
991 55 Lherzolite AG 4.0 0.19 
78.9 
1450 
6.1 
491 
15.0 
1100 
21.1 6 
FDM-
DB02-
X03 
999 55 Lherzolite A 4.5 0.31 
72.1 
210 
10.2 
500 
17.7 
960 
27.9 20 
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Table 4.6. Continued. 
Sample T (°C) 
h 
(km) Rock Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean 
G.S. (µm) 
Mean 
∆σ 
(MPa) ol di en % px 
FDM-
DB03-
X04 
1002 56 Lherzolite - - - 
78.9 
100 
8.2 
297 
12.9 
524 
21.1 - 
FDM-
DB02-
X10 
1020 57 Lherzolite A 4.3 0.26 
65.2 
736 
15.1 
236 
19.7 
1000 
34.8 9 
FDM-
DB01-
X01 
1024 58 Lherzolite A 2.8 0.14 
61.2 
885 
24.0 
451 
14.8 
521 
38.8 8 
FDM-
DB02-
X12 
1036 59 Lherzolite AG 3.3 0.15 
64.8 
599 
21.0 
377 
14.2 
444 
35.2 10 
FDM-
DB02-
X11 
1039 59 Lherzolite A 3.5 0.19 
71.6 
1610 
15.3 
302 
13.0 
795 
28.3 5 
FDM-
DB04-
X03 
1165 69 Harzburgite D 4.9 0.17 
78.1 
1360 
3.2 
100 
18.7 
1010 
21.9 6 
FDM-
DB02-
X01 
1183 71 Lherzolite D 3.0 0.20 
70.2 
494 
15.3 
373 
14.5 
484 
29.8 11 
FDM-
DB02-
X06 
1198 72 Lherzolite - - - 
48.0 
356 
7.3 
102 
44.7 
1160 
52.0 - 
 
 
Figure 4.6. (Left) Extraction depths for the Demas Bluff xenoliths are plotted on the geothermal gradient. 
(Right) Ternary diagram showing the mineralogical variation between the Demas Bluff samples. 
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4.1.7 Marujupu Peak, Fosdick Mountains  
The xenoliths from Marujupu Peak originated at depths between 48 and 61 km. The 
values for mean differential stress range from 10 to 30 MPa and seem to increase with 
temperature.  Over this depth range, microstructural heterogeneities exist on the sub-five-
kilometer scale. This conclusion is based on the observation of axial-[010] and A-type 
textures and the variations in the textural strength indices calculated for A-type textures 
(Table 4.7; Figure 4.7).  
Comparatively, the mineralogy of the xenoliths sourced from this volcanic center is 
slightly more consistent. An olivine websterite is documented at the shallowest depth, but 
at deeper levels all remaining samples from Marujupu Peak are classified as lherzolites. The 
A-type lherzolites occurring at 50 and 53 km differ in regards to the strength of their olivine 
textures, but they display nearly identical phase abundances and preserve the same value 
for mean differential stress. Despite this, there is some variation with respect to the 
abundances of the constituent mineral phases deeper within the lithospheric mantle of MBL. 
Specifically, the most deeply-sourced sample – FDM-MJ01-X06 – preserves phase 
abundances that approach the composition one would expect to be contained within a 
pyroxenite. As a result, it is inferred that this portion of the lithospheric mantle displays 
minor mineralogical heterogeneities on the sub-ten-kilometer scale. These variations are 
classified as minor because they are noticeable, but do not cause variations in the lithology 
of the peridotites encountered at these depths.  
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Table 4.7. Five xenoliths from Marujupu Peak are arranged in order of increasing equilibration 
temperature alongside a summary of their microstructural and mineralogical properties. Note that sample 
FDM-MJ01-X01 is a pyroxenite (< 40% olivine), which means that it does not contain enough grains of 
olivine to either quantify the CPO or apply the recrystallized grain size piezometer. 
Sample T (°C) 
h 
(km) Rock Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean G.S. 
(µm) Mean 
∆σ 
(MPa) ol di en % px 
FDM-
MJ01-
X01 
898 48 
Olivine 
Websterite 
- - - 
31.0% 
- 
31.1% 
- 
38.0% 
- 
69.1 - 
FDM-
MJ01-
X03 
929 50 Lherzolite A 2.7 0.09 
66.1% 
600 
12.0% 
377 
21.8% 
480 
33.8 10 
FDM-
MJ01-
X02 
974 53 Lherzolite A 4.0 0.20 
66.5% 
513 
18.0% 
315 
15.5% 
356 
33.5 10 
FDM-
MJ01-
X05 
1014 57 Lherzolite AG 3.8 0.16 
72.4% 
350 
18.9% 
186 
8.7% 
467 
27.6 15 
FDM-
MJ01-
X06 
1070 61 Lherzolite A 1.5 0.12 
46.2% 
122 
24.1% 
127 
29.7% 
530 
53.8 30 
 
 
 
Figure 4.7. (Left) Extraction depths for the Marujupu Peak xenoliths are plotted on the geothermal 
gradient. (Right) Ternary diagram showing the mineralogical variation between the Marujupu Peak 
samples. 
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4.1.8 Recess Nunatak, Fosdick Mountains 
The samples from Recess Nunatak are all peridotites that equilibrated at temperatures 
between 812 and 961°C, which correspond to depths ranging from 42 to 52 kilometers. 
These xenoliths display microstructural and mineralogical heterogeneities on the sub-ten-
kilometer-scale (Table 4.8; Figure 4.8). Over a span of 10 kilometers, both A- and B-type 
olivine CPOs are documented in lherzolites and a wehrlite. Although the two most shallowly-
sourced samples with A-type textures are homogeneous with respect to the values of 
textural indices, there is an abrupt switch from B-type to A-type occurring approximately 
between 51 and 52 kilometers. Furthermore, the A-type texture of the wehrlitic sample 
(FDM-RN01-X01) is the strongest of all textures documented at this volcanic center. 
Comparatively, the B-type texture is similar in strength to the A-type textures that occur 
above it. The values for mean differential stress are low, vary over a narrow range between 
6 and 15 MPa and do not correlate with changes in temperature. 
Two lherzolites interpreted to be extracted from a depth of 42 kilometers only display 
minor mineralogical variations between each other. The more deeply-sourced B-type 
lherzolite contains a higher percentage of olivine even though it occurs only nine kilometers 
deeper than the other two, which makes this sample more mineralogically similar to the 
wehrlite that is sourced from approximately the same depth. Despite their mineralogical 
similarities, it is important to reiterate that these two samples do not preserve the similar 
microstructures. The grain sizes preserved by the Recess Nunatak peridotites do not show 
any correlation with changes in depth, but it is interesting to note that there is an apparent 
increase in the abundance of olivine with increases in temperature at this volcanic center. 
 
103 
 
 
Table 4.8. Four xenoliths from Recess Nunatak are arranged in order of increasing equilibration 
temperature alongside a summary of their microstructural and mineralogical properties. 
Sample T (°C) 
h 
(km) 
Rock 
Name 
CPO 
(ol) 
J 
(ol) 
M 
(ol) 
Abundance (%) and Mean G.S. 
(µm) Mean 
∆σ 
(MPa) ol di en % px 
FDM-
RN04-
X01 
812 42 Lherzolite A 2.7 0.20 
53.9% 
528 
18.7% 
432 
27.4% 
497 
46.1 11 
FDM-
RN02-
X01 
828 42 Lherzolite A 2.7 0.16 
62.5% 
604 
22.9% 
317 
14.7% 
297 
37.6 10 
FDM-
RN03-
X01 
943 51 Lherzolite B 2.8 0.16 
84.5% 
406 
6.2% 
115 
9.3% 
291 
15.5 15 
FDM-
RN01-
X01 
961 52 Wehrlite A 4.3 0.25 
89.1% 
1290 
9.7% 
580 
1.2% 
357 
10.9 6 
 
 
 
Figure 4.8. (Left) The extraction depths for the Recess Nunatak xenoliths are plotted on the geothermal 
gradient. (Right) Ternary diagram showing the mineralogical variation between the Recess Nunatak 
samples. 
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4.2 AN OVERVIEW OF VERTICAL HETEROGENEITIES IN MARIE BYRD LAND 
The lithospheric mantle beneath MBL is deforming heterogeneously, which is supported 
by the observed variations in the microstructural and mineralogical properties of the 
xenolith samples sourced from individual volcanic centers. Some locations are highly 
homogenous with respect to their microstructural characteristics (e.g., Mount Avers – Bird 
Bluff), whereas others display heterogeneities on the sub-five-kilometer-scale (e.g., Demas 
Bluff). Comparatively, mineralogical heterogeneities are more consistent throughout the 
sample suite with variations generally being observed between the sub-five-kilometer-scale 
and the sub-ten-kilometer-scale. Furthermore, it is important to note that some volcanic 
centers that display unique properties (e.g., Demas Bluff is the only location at which 
harzburgites are documented; Recess Nunatak is the only volcanic center with a sample that 
preserves a B-type olivine CPO), which further reinforces the interpretation that this portion 
of Earth’s mantle is deforming in a highly heterogeneous manner. Within the MBL xenoliths, 
dislocation-accommodated grain-boundary sliding is the dominant deformation mechanism 
and it operates at strain rates between 10-19/s and 10-11/s (Figure 4.9).  
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Figure 4.9. Deformation mechanism map showing that dislocation-accommodated grain-boundary sliding 
(disGBS) is the dominant method through which the MBL xenoliths store internal strain. Samples plot 
between strain rates of 10-19 and 10-11/s. 
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4.3 LATERAL VARIATIONS ACROSS MARIE BYRD LAND 
   In addition to 
evaluating the 
heterogeneities 
documented at individual 
volcanic centers, 
understanding how 
mantle deformation 
varies laterally 
throughout MBL is 
imperative to assessing 
the extent and intensity of ongoing tectonic processes that are continuously influencing 
landscape evolution beneath the West Antarctic ice sheet (e.g., volcanism). This is 
accomplished by evaluating variations in heterogeneity as they change from west to east 
throughout the study area. The reason for choosing this transect is two-fold. Firstly, the 
majority of samples comprising the xenolith suite represent the Fosdick Mountains (n=42; 
Figure 4.10) in western MBL, whereas a total of three xenolith samples are from eastern 
MBL (i.e. Usas Escarpment and Executive Committee Range). Secondly, variations in the 
tectonic histories of western and eastern MBL imply they behaved as two distinct 
geographical provinces (i.e. the Ross and Amundsen Provinces, respectively) until mid-
Cretaceous times (Pankhurst et al., 1998). As a result, it is logical to expect any important 
microstructural and/or mineralogical trends to appear along an east to west transect of MBL. 
Figure 4.10. Map of the Fosdick Mountains showing associated 
xenolith localities (modified from Gaffney and Siddoway, 2007). Not 
shown are the eight samples sourced from volcanic centers located 
between Mount Avers and Bird Bluff.   
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4.3.1 Western Marie Byrd Land 
The xenoliths from volcanic centers within the Fosdick Mountains continuously sample a 
33 kilometer thick portion of the actively deforming lithospheric mantle that underlies the 
West Antarctic Rift system. Taken as a whole, these xenoliths imply microstructural and 
mineralogical heterogeneities exist beneath the Fosdick Mountains between the sub-
kilometer-scale and the sub-ten-kilometer scale with fewer lithological variations occurring 
with depth.  Despite the abundant heterogeneities throughout the region, the majority of 
samples are lherzolites that preserve axial-[010] textures and record a narrow range of 
mean differential stresses that does not exceed 30 MPa (Figure 4.11).  Deformation 
mechanism maps imply that all samples accommodate strain by the dominant operation of 
dislocation-accommodated grain-boundary sliding (disGBS) with strain rates ranging from 
10-17 to 10-11/s. 
The westernmost volcanic center within the Fosdick Mountains is Marujupu Peak 
(Figure 4.12A). The five xenoliths from this location sample the lithospheric mantle over a 13 
kilometer depth range. The mean differential stresses of these samples increase with 
temperature.  A maximum of 30 MPa is recorded by an A-type lherzolite that was extracted 
from a depth of 61 kilometers. The most shallowly-sourced sample from this volcanic center 
is an olivine websterite. This sample is also the most shallowly-sourced and olivine-rich 
pyroxenite sample of the MBL suite.  Other samples from Marujupu Peak are lherzolites that 
preserve an axial-[010] and three A-type textures, all of which are heterogeneous with 
respect to their relative strengths and vary on a sub-five-kilometer-scale. Compared to the 
average of all axial-[010] lherzolites, the axial-[010] sample from Marujupu Peak is finer-
grained, enriched with respect to olivine and depleted with respect to enstatite. Two of the  
108 
 
 
Figure 4.11. Lithospheric strength profiles for all xenoliths sourced from western MBL. The Cenozoic 
volcanic centers of the Fosdick Mountains in order from west to east are: Marujupu Peak, Mount Avers, 
Demas Bluff, Mount Avers – Bird Bluff, Bird Bluff, and Recess Nunatak. Only one sample is sourced from 
Mount Avers, which prevents any interpretation of how bulk rock strength changes with depth at this 
location.   
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A-type samples (i.e. FDM-MJ01-X02 and FDM-MJ01-X03) are representative of the 
average A-type lherzolite from MBL in terms of phase abundances, grain sizes and values of 
mean differential stress. Comparatively, sample FDM-MJ01-X06 is the most deeply-sourced 
A-type sample contained within the xenolith suite. It is more fine-grained and olivine-poor 
than any other A-type lherzolite and it is the sample that records the maximum differential 
stress at this volcanic center.  
Moving eastward, the next volcanic center is Mount Avers (Figure 4.12B). The sole 
xenolith from this location is an A-type lherzolite that originated at a depth of 50 kilometers. 
Although there is only one Mount Avers sample, it preserves a mean differential stress of 30 
MPa, which is the maximum mean differential stress recorded by the MBL suite. This sample 
is representative of the average A-type lherzolite from MBL in terms of the observed phase 
abundances and enstatite grain sizes, but contains smaller grains of both olivine and 
diopside (Table 4.11). There is an A-type lherzolite from Marujupu Peak that also preserves 
a mean differential stress of 30 MPa, but it occurs deeper within the lithospheric mantle (i.e. 
61 km). This variation may imply that the strongest point within the lithospheric mantle 
migrates to shallower structural levels towards the eastern portion of the study area.   
Demas Bluff is the volcanic center to the southeast of Mount Avers (Figure 4.13A). The 
twenty xenoliths from this location sample depths within the lithospheric mantle between 
41 and 72 kilometers. Unlike the samples from Marujupu Peak, mean stresses do not 
increase with temperature and a maximum differential stress of 20 MPa is recorded by an A-
type lherzolite that originated at a depth of 55 kilometers below this volcanic center. 
Although the difference is negligible, this value is 10 MPa less than the maximum value  
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Figure 4.12. Lithospheric strength profiles for xenolith samples sourced from (A) Marujupu Peak, and 
(B) Mount Avers. Axial-[010] olivine textures are termed AG.  
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determined for the MBL xenolith suite and may imply the lithospheric mantle is slightly 
weaker in this region. Compared to Marujupu Peak, this region is also more mineralogically 
heterogeneous as fourteen lherzolites, four harzburgites, a dunite and a clinopyroxenite are 
all sourced from this location. The Demas Bluff clinopyroxenite is almost entirely diopside 
and contains some interstitial glass, which implies there is a significant amount of melt 
migrating through the lithospheric mantle beneath this volcanic center. This conclusion is 
also supported by the significant mineralogical heterogeneities that occur with depth 
beneath this volcanic center. There are five axial-[010], three axial-[100] and four A-type 
lherzolites from Demas Bluff.  
The axial-[010] xenoliths sample depths between 44 and 50 kilometers. These samples 
are texturally strong and preserve low mean differential stresses when compared to other 
xenoliths that preserve this olivine texture. The A-type lherzolites from this volcanic center 
are mineralogically homogeneous and show olivine grain sizes increasing with depth, which 
does not agree with the overall trend observed throughout the MBL suite. Except for sample 
FDM-DB01-X01, these xenoliths display stronger than average values for both the J- and M-
index. All axial-[100] lherzolites are from Demas Bluff and are relatively homogeneous. The 
most deeply-sourced sample (i.e. FDM-DB02-X01) only varies slightly in regards to its 
smaller olivine grain sizes. The dunite from this volcanic center also preserves an axial-[100] 
texture. Interestingly, these four samples are the only axial-[100] textures of the western 
Marie Byrd Land xenolith suite. Furthermore, the four harzburgites from Demas Bluff are 
the only harzburgitic samples identified within the entire MBL suite. These xenoliths are 
mineralogically homogeneous and quite weak as they preserve mean differential stresses 
between 4 and 6 MPa. The three harzburgites that preserve A-type olivine CPOs are 
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texturally strong relative to those developed in other lithologies. Comparatively, the most 
deeply-sourced harzburgite preserves an axial-[100] texture that is slightly stronger than 
those preserved in axial-[100] lherzolites and slightly weaker than that preserved in the 
axial-[100] dunite. 
The eight xenoliths sourced from volcanic centers located between Mount Avers and 
Bird Bluff sample the lithospheric mantle between depths of 39 and 51 kilometers and 
preserve mean differential stresses between 10 and 30 MPa (Figure 4.13B). At the 
shallowest structural levels sampled, lherzolites and wehrlites coexist and quickly transition 
to being exclusively lherzolitic between depths of 42 and 50 kilometers. This region is 
subsequently underlain by websterites, although the extent of this potential pyroxenite lens 
cannot be determined. Compared to samples from other volcanic centers, the Mount Avers 
– Bird Bluff peridotites are remarkably homogenous with respect to their microstructures as 
they all preserve axial-[010] textures of the same approximate intensity. The values of mean 
differential stress for these samples is consistently greater than those determined for any 
other axial-[010] peridotites. Specifically, sample FDM-AVBB02 records the largest value for 
mean differential stress and is sourced from a depth of 39 kilometers. Interestingly, this 
xenolith is the only axial-[010] lherzolite to record a mean value of 30 MPa and it is also 
more-shallowly sourced than the other MBL xenoliths that preserve a mean differential 
stress of equal magnitude. Compared to the entire suite, these samples are relatively strong 
overall with several peridotites recording mean differential stresses of 20 MPa between 
depths of 43 and 50 kilometers. The maximum value of mean differential stress at Marujupu 
Peak (i.e. 20 MPa) is recorded at a greater depth of 55 kilometers. Thus, the strength of the 
lithospheric mantle resides closer towards the base of the crust relative to other volcanic  
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Figure 4.13. Lithospheric strength profiles for xenolith samples sourced from (A) Demas Bluff, and (B) 
volcanic centers located between Mount Avers and Bird Bluff. Axial-[010] and axial-[100] olivine textures 
are termed AG and D, respectively.   
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centers, which supports the observation that the strongest point within the lithospheric 
mantle migrates to shallower structural levels towards the eastern portion of the study area.    
Bird Bluff is located to the north east of Demas Bluff (Figure 4.14A). The four xenoliths 
sourced from this volcanic center sample depths between 45 and 60 kilometers within the 
lithospheric mantle and record mean differential stresses ranging from 7 to 30 MPa. These 
samples display mineralogical and microstructural heterogeneities on the sub-five kilometer 
scale that do not correlate with changes in temperature. At the shallowest depths samples, 
lherzolite and dunite are inferred to coexist. Unfortunately, this lherzolitic sample (i.e. FDM-
BB04-X01) is not reoriented into its kinematic frame of reference and its texture cannot be 
evaluated as a result. The dunite preserves the strongest axial-[010] texture recorded within 
the MBL xenolith suite. At a slightly greater depth of 51 kilometers, an A-type is 
documented. This sample is the most fine-grained and olivine-poor wehrlite of the suite and 
it preserves the maximum mean differential stress (i.e. 30 MPa) within this volcanic center, 
which implies the strongest portion of the lithospheric mantle beneath Bird Bluff is at 
approximately the same depth as that of Mount Avers. This is not in line with previous 
observations that suggest the strength of the lithospheric mantle migrates to higher 
structural levels towards the eastern portion of the study area. The final xenolith from this 
location is an olivine-poor lherzolite that preserves a random olivine CPO. Despite this, the 
textural indices calculated for this sample are similar to those calculated for the wehrlite 
that occurs above it. This is the only random CPO documented within the xenolith suite, but 
it is only the fourth most deeply-sourced sample. Thus, it can be inferred that recovery 
processes are dominant of intracrystalline deformation mechanisms in some parts of the 
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lithospheric mantle beneath MBL. Comparatively, samples from Marujupu Peak and Demas 
Bluff record olivine textures up to depths of 61 and 71 kilometers, respectively.     
The easternmost volcanic center of interest within the Fosdick Mountains is Recess 
Nunatak (Figure 4.14B). Three lherzolites and one wehrlite are sourced from this volcanic 
center. They collectively sample depths between 42 and 52 kilometers and record mean 
differential stresses between 6 and 15 MPa. The two most shallowly-sourced samples are A-
type lherzolites that are microstructurally and mineralogically homogenous. Although the 
third lherzolite displays similar values for its textural indices, it is more olivine-rich than the 
others and it preserves the only B-type olivine texture of all samples contained within the 
MBL xenolith suite. This sample also preserves the greatest value of mean differential stress 
at this volcanic center (i.e. 15 MPa). Although this value is less than what is observed at 
other volcanic centers, it implies that the strongest portion of the mantle is at a depth of 
approximately 51 kilometers, which is also the conclusion made for Mount Avers and Bird 
Bluff. Importantly, analyses to determine the water content of olivine within this B-type 
sample show that it is dry (Chatzaras et al., in revision). This is in direct opposition to the 
findings of many experimental studies (e.g., Jung and Karato, 2001). The most deeply-
sourced sample from Recess Nunatak is an A-type wehrlite that has higher J- and M-index 
values than any other xenolith from this location. 
4.3.2 Eastern Marie Byrd Land 
There are three samples sourced from eastern MBL, of which only two are peridotites that 
directly inform on microstructural variations that develop in response to the conditions of 
deformation. The third is a clinopyroxenite from Mount Aldaz that is sourced from depths 
greater than any pyroxenite in western MBL. Similarly, the axial-[010] lherzolite from Mount 
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Aldaz is more deeply-sourced than any axial-[010] peridotite from western MBL (Figure 
3.15A). Furthermore, this xenolith preserves a mean differential stress of 9 MPa, which is 
relatively low compared to the values displayed by other samples having axial-[010] textures. 
The unique sample from Mount Cumming is a dunite with an axial-[100] olivine CPO. This is 
the only xenolith that does not contain enough pyroxene to apply geothermometers 
associated with the chemistry of diopside and enstatite. Application of the olivine-spinel 
exchange geothermometer shows an extraction depth between 42 and 52 kilometers 
(Figure 4.15B). These samples imply that western MBL is likely mineralogically 
heterogeneous at the sub-ten-kilometers scale, whereas scales of microstructural 
heterogeneity are more difficult to assess. Despite this, mineralogical variations are 
intimately related to microstructural variations, so it is reasonable to assume this region of 
MBL is also microstructurally heterogeneous at the sub-ten-kilometer-scale. 
4.4 SUMMARY OF LATERAL HETEROGENEITY 
Collectively, the MBL xenoliths continuously sample a 33 kilometer thick portion of the 
actively deforming lithospheric mantle that underlies portions of the slowly-expanding West 
Antarctic Rift system. These samples preserve significant mineralogical and microstructural 
heterogeneities that are documented laterally and vertically throughout the study area, 
which imply mantle deformation varies complexly at the sub-kilometer to sub-ten-kilometer 
scale. Values of mean differential stress only vary slightly throughout the field area, but 
generally seem to decrease in magnitude towards the east with maximum values migrating 
upwards in the lithospheric mantle along this transect. Although there is a strong sample 
bias towards Demas Bluff, the amount of mineralogical heterogeneity seems to decrease  
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Figure 4.14. Lithospheric strength profiles for xenolith samples sourced from (A) Bird Bluff, and (B) Recess 
Nunatak. Axial-[010] olivine textures are termed AG.   
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Figure 4.15. Lithospheric strength profiles for the xenolith samples from eastern Marie Byrd Land. 
(A) Mount Aldaz, Usas Escarpment, and (B) Mount Cumming, Executive Committee Range. Note that the 
dunite from Mount Cumming has two equilibration temperatures because spinel grains show 
compositional heterogeneity in terms of Cr-content on the thin section scale. Axial-[010] and axial-[100] 
olivine textures are termed AG and D, respectively.  
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with increasing depth, whereas microstructural heterogeneities exist at all depths.  Despite 
these heterogeneities, most samples can be accurately described as lherzolites having either 
AG- or A-type olivine CPOs. Furthermore, the entirety of the MBL xenolith suite is inferred to 
deform primarily by the operation of disGBS at strain rates between 10-17 and 10-11/s. 
4.5 BROADER IMPACTS  
Although the West Antarctic rift system is one of the most expansive regions of 
extended continental crust on Earth, relatively little is known about the structure and 
heterogeneity of the mantle lithosphere in this region. This deficiency is attributable to the 
harsh Antarctic climate, the extensive cover of outcrop by the West Antarctic ice sheet, and 
the fact that seismic stations have only become commonplace across the continent within 
the last decade. Prior to the establishment of the GPS and seismic instrumentation network 
by POLENET/ANET in International Polar Year 2007-08, most data that aimed to inform on 
the lithospheric structure of Antarctica was derived from aeromagnetic surveys (e.g., 
Behrendt et al., 1996), surface wave dispersion measurements (e.g., Ritzwoller et al., 2001), 
shipboard geophysical studies (e.g., Luyendyk et al., 2001), determinations of seismic 
anisotropy using shear wave splitting (e.g., Müller, 2001), surface wave tomography (e.g., 
Sieminski et al., 2003), and teleseismic broad-band events (e.g., Winberry and 
Anandakrishnan, 2004). Although these studies were imperative for improving our 
understanding of the Antarctic lithosphere, their results are generally low-resolution and do 
not directly inform on the complexities of lithospheric structure that are observed at the 
outcrop scale (e.g., Kruckenberg et al., 2013). 
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Since the installation of the POLENET/ANET array across West Antarctica and the 
Transantarctic Mountains, geophysical researchers have used the resultant seismic data to 
place better constraints on the patterns of mantle seismic anisotropy within this largely 
enigmatic continental rift system. The characteristic seismic anisotropy that defines Earth’s 
upper mantle is commonly interpreted to result from the generation of CPO in olivine, 
which in turn is thought to develop as olivine aligns with the direction of viscoplastic mantle 
flow. Consequently, such reports of anisotropy are used to infer the kinematics of global 
mantle flow patterns and to elucidate information regarding active tectonic processes (e.g., 
Nicolas and Christensen, 1987; Mainprice, 2007; Bodmer et al., 2015). Furthermore, the 
known olivine textures are thought to transmit seismic waves differently. For example, the 
fast axis of olivine having an A-type texture is thought to align with the extension and/or 
flow direction, whereas the fast axis aligns itself normal to the direction of maximum shear 
in B-type olivine textures (Zhang and Karato, 1995; Jung and Karato, 2001).   
Due to the relationship that exists between olivine texture (i.e. CPO) and seismic 
anisotropy, the results of this study provide constraints for interpreting the results of shear 
wave splitting studies conducted in West Antarctica (e.g., Accardo et al., 2014). This is of 
great importance because the olivine crystallographic textures documented within the MBL 
xenolith suite are heterogeneous on scales that are smaller than the highest resolution 
attainable using contemporary geophysical methods. In turn, this implies that patterns of 
mantle flow and deformation are far more complex than these indirect studies suggest. 
Thus, the results of experimental, geophysical, and field studies must be considered 
collectively in order to develop a reliable model that describes the structure of West 
Antarctic lithosphere. Continued efforts towards developing this model will allow 
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researchers to better understand how continental rifting is being accommodated within the 
Antarctic lithosphere with possible implications for the stability of the West Antarctic ice 
sheet (Shapiro and Ritzwoller, 2004).   
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APPENDIX B 
The following code is an .m file that is intended for use with version 3.5 of the MTEX 
MATLAB toolbox (Bachmann et al., 2011). The purpose of this script is to import and process 
noise-reduced EBSD datasets. This is accomplished through the creation of grain sets, which 
reconstruct grain boundaries between adjacent data points that are either indexed as different 
mineral phases or have a relative misorientation angle equal to or greater than 10°. Once a grain 
set exists, the data are further reduced by calculating an average crystallographic orientation for 
every crystal defined within the grain set (i.e. a one-point-per-grain data set) and visually 
representing this data set as an orientation distribution function (ODF). Using a one-point-per-
grain (1ppg) data set allows for the quantitative measurement of the relative strength of the 
textures developed throughout the xenolith suite (i.e. J- and M-indices). This script also 
calculates grain size statistics and generates grain size distribution histograms.  
----------------------------------------------------------------- 
%% Begin MTEX script 
 
clear all; 
close all; 
  
 
%% Get MATLAB files for processing 
[filename, pathname] = uigetfile('*.m','Pick your Matlab(*.m) 
file(s)','MultiSelect', 'on'); 
filename=cellstr(filename); 
  
 
%% Begin the sample processing scripts 
for i=1:numel(filename) 
     
s=char(filename{i}); % Get sample name without .m extension 
l=length(s)-2; 
samplename=[]; 
for k=1:l 
    samplename=[samplename,s(k)]; 
end 
  
run(filename{i});  
     
 
% Calculate grains and generate maps 
[grains, grains1ppg] = ebsd2grains(pathname, samplename, 
ebsd,1,10,25); 
    
 
% Get num grains of interest and export 
n_Fo = numel(grains('Forsterite')); 
n_Fo_1ppg = numel(grains1ppg('Forsterite')); 
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mkdir([pathname samplename '_Exports']); 
epath = ([pathname samplename '_Exports']); 
dlmwrite([epath '/N_Fo_Grains.txt'], 'Your number of Forsterite 
grains and 1ppg grains, respectively are =',''); 
dlmwrite([epath '/N_Fo_Grains.txt'], n_Fo,'-append'); 
dlmwrite([epath '/N_Fo_Grains.txt'], n_Fo_1ppg,'-append'); 
     
n_En = numel(grains('Enstatite  Opx AV77')); 
n_En_1ppg = numel(grains1ppg('Enstatite  Opx AV77')); 
    
mkdir([pathname samplename '_Exports']); 
epath = ([pathname samplename '_Exports']); 
dlmwrite([epath '/N_En_Grains.txt'], 'Your number of Enstatite 
grains and 1ppg grains, respectively are =',''); 
dlmwrite([epath '/N_En_Grains.txt'], n_En,'-append'); 
dlmwrite([epath '/N_En_Grains.txt'], n_En_1ppg,'-append'); 
     
n_Di = numel(grains('Diopside   CaMgSi2O6')); 
n_Di_1ppg = numel(grains1ppg('Diopside   CaMgSi2O6')); 
   
mkdir([pathname samplename '_Exports']); 
epath = ([pathname samplename '_Exports']); 
dlmwrite([epath '/N_Di_Grains.txt'], 'Your number of Diopside 
grains and 1ppg grains, respectively are =',''); 
dlmwrite([epath '/N_Di_Grains.txt'], n_Di,'-append'); 
dlmwrite([epath '/N_Di_Grains.txt'], n_Di_1ppg,'-append'); 
 
 
%% SPO Forsterite 
% For the 'grains' dataset... 
SPO_MP(grains('Forsterite')); 
   
mkdir([pathname samplename '_Exports']) 
epath = ([pathname samplename '_Exports']); 
export_fig([epath '/grainsForsterite_SPO.pdf']) 
close; 
     
% For the 'grains1ppg' datzaset... 
SPO_MP(grains1ppg('Forsterite')); 
  
mkdir([pathname samplename '_Exports']) 
epath = ([pathname samplename '_Exports']); 
export_fig([epath '/grains1ppgForsterite_SPO.pdf']) 
close; 
 
     
%% Grain size plots 
grainSizePlots( pathname, samplename, 'grainsForsterite', 
grains('Forsterite'), 50, 2 ); 
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grainSizePlots( pathname, samplename, 'grains1ppgForsterite', 
grains1ppg('Forsterite'), 50, 2 ); 
     
grainSizePlots( pathname, samplename, 'grainsEnstatite', 
grains('Enstatite  Opx AV77'), 50, 2 ); 
grainSizePlots( pathname, samplename, 'grains1ppgEnstatite', 
grains1ppg('Enstatite  Opx AV77'), 50, 2 ); 
     
grainSizePlots( pathname, samplename, 'grainsDiopside', 
grains('Diopside   CaMgSi2O6'), 50, 2 ); 
grainSizePlots( pathname, samplename, 'grains1ppgDiopside', 
grains1ppg('Diopside   CaMgSi2O6'), 50, 2 ); 
     
%% Define coordinate system, plot pole figures and calculate ODF 
h=[Miller(1,0,0,'direction'),Miller(0,1,0,'direction'),Miller(0,0
,1,'direction')]; 
     
[ol_odf,ol_mo]=plotPoleFigures(pathname, samplename, grains, 
'Forsterite', h, 'grains'); 
     
[maxMUD] = maxODF(ol_odf,h); 
if maxMUD > maxMUDgrainsALL 
   maxMUDgrainsALL = maxMUD; 
end 
     
[ol_odf_1ppg,ol_mo_1ppg]=plotPoleFigures(pathname, samplename, 
grains1ppg, 'Forsterite', h, 'grains1ppg'); 
    
[maxMUD] = maxODF(ol_odf_1ppg,h); 
if maxMUD > maxMUDgrains1ppgALL 
   maxMUDgrains1ppgALL = maxMUD; 
end 
     
[en_odf,en_mo]=plotPoleFigures(pathname, samplename, grains, 
'Enstatite  Opx AV77', h, 'grains'); 
[en_odf_1ppg,en_mo_1ppg]=plotPoleFigures(pathname, samplename, 
grains1ppg, 'Enstatite  Opx AV77', h, 'grains1ppg'); 
  
[di_odf,di_mo]=plotPoleFigures(pathname, samplename, grains, 
'Diopside   CaMgSi2O6', h, 'grains'); 
[di_odf_1ppg,di_mo_1ppg]=plotPoleFigures(pathname, samplename, 
grains1ppg, 'Diopside   CaMgSi2O6', h, 'grains1ppg'); 
  
     
%% PGR Olivine 
calcPGR( pathname, samplename, ol_odf, 'Forsterite', 'grains' ); 
calcPGR( pathname, samplename, ol_odf_1ppg, 'Forsterite', 
'grains1ppg' ); 
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%% BAindex Olivine 
calcBALSindex( pathname, samplename, ol_odf, 'Forsterite', 
'grains' ); 
calcBALSindex( pathname, samplename, ol_odf_1ppg, 'Forsterite', 
'grains1ppg' ); 
  
%% Rotate ODF? 
if exist('E') 
    % For the 'grains' dataset... 
    % Rotate the olivine ODF based upon the correct X-Ray CT 
Eigenvectors and Eigenvalues and plot 
    
[ol_rodf]=eigen_rot_ANT(ol_odf,E(1),E(2),E(3),E(4),E(5),E(6)); 
    [ol_rmo]=eigen_rot_ANT(ol_mo,E(1),E(2),E(3),E(4),E(5),E(6)); 
    
[en_rodf]=eigen_rot_ANT(en_odf,E(1),E(2),E(3),E(4),E(5),E(6)); 
    [en_rmo]=eigen_rot_ANT(en_mo,E(1),E(2),E(3),E(4),E(5),E(6)); 
    
[di_rodf]=eigen_rot_ANT(di_odf,E(1),E(2),E(3),E(4),E(5),E(6)); 
    [di_rmo]=eigen_rot_ANT(di_mo,E(1),E(2),E(3),E(4),E(5),E(6)); 
          
    plotRotatedPoleFigures(pathname, samplename, ol_rodf, ol_rmo, 
'Forsterite', h, 'grains'); 
    plotRotatedPoleFigures(pathname, samplename, en_rodf, en_rmo, 
'Enstatite  Opx AV77', h, 'grains'); 
    plotRotatedPoleFigures(pathname, samplename, di_rodf, di_rmo, 
'Diopside   CaMgSi2O6', h, 'grains'); 
  
    % Set colormap 
    map = flipud(lbmap(64,'RedBlue')); 
     
    % Plot Rotated Olivine ODF 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(ol_rodf, h, 'lower','contourf'); 
    title(['Contoured Rotated ODF ' samplename ': Forsterite']); 
    colorbar; 
    colormap(map) 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsForsterite-
RODF_contoured_color.pdf']); 
    close; 
       
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(ol_rodf, h, 'lower', 'contourf'); 
    title(['Rotated Contoured ODF ' samplename ': Forsterite']); 
    colorbar; 
    mtexColorMap white2black 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
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    export_fig([epath '/PF-grainsForsterite-
RODF_contoured_BW.pdf']); 
    close; 
          
    % Plot Rotated Enstatite ODF 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(en_rodf, h, 'lower','contourf'); 
    title(['Contoured Rotated ODF ' samplename ': Enstatite']); 
    colorbar; 
    colormap(map) 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsEnstatite-
RODF_contoured_color.pdf']); 
    close; 
          
 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(en_rodf, h, 'lower', 'contourf'); 
    title(['Rotated Contoured ODF ' samplename ': Enstatite']); 
    colorbar; 
    mtexColorMap white2black 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsEnstatite-
RODF_contoured_BW.pdf']); 
    close; 
          
    % Plot Rotated Diopside ODF 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(di_rodf, h, 'lower','contourf'); 
    title(['Contoured Rotated ODF ' samplename ': Diopside']); 
    colorbar; 
    colormap(map) 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsDiopside-
RODF_contoured_color.pdf']); 
    close; 
         
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(di_rodf, h, 'lower', 'contourf'); 
    title(['Rotated Contoured ODF ' samplename ': Diopside']); 
    colorbar; 
    mtexColorMap white2black 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsDiopside-
RODF_contoured_BW.pdf']); 
    close; 
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    % For the 'grains1ppg' dataset... 
    % Rotate the olivine ODF based upon the correct X-Ray CT 
Eigenvectors and 
Eigenvalues and plot 
    
[ol_rodf_1ppg]=eigen_rot_ANT(ol_odf_1ppg,E(1),E(2),E(3),E(4),E(5)
,E(6)); 
    
[ol_rmo_1ppg]=eigen_rot_ANT(ol_mo_1ppg,E(1),E(2),E(3),E(4),E(5),E
(6)); 
    
[en_rodf_1ppg]=eigen_rot_ANT(en_odf_1ppg,E(1),E(2),E(3),E(4),E(5)
,E(6)); 
    
[en_rmo_1ppg]=eigen_rot_ANT(en_mo_1ppg,E(1),E(2),E(3),E(4),E(5),E
(6)); 
    
[di_rodf_1ppg]=eigen_rot_ANT(di_odf_1ppg,E(1),E(2),E(3),E(4),E(5)
,E(6)); 
    
[di_rmo_1ppg]=eigen_rot_ANT(di_mo_1ppg,E(1),E(2),E(3),E(4),E(5),E
(6)); 
          
    plotRotatedPoleFigures(pathname, samplename, ol_rodf_1ppg, 
ol_rmo_1ppg, 'Forsterite', h, 'grains1ppg'); 
    plotRotatedPoleFigures(pathname, samplename, en_rodf_1ppg, 
en_rmo_1ppg, 'Enstatite  Opx AV77', h, 'grains1ppg'); 
    plotRotatedPoleFigures(pathname, samplename, di_rodf_1ppg, 
di_rmo_1ppg, 'Diopside   CaMgSi2O6', h, 'grains1ppg'); 
  
    % Set colormap 
    map = flipud(lbmap(64,'RedBlue')); 
     
    % Plot Rotated Olivine ODF 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(ol_rodf_1ppg, h, 'lower','contourf'); 
    title(['Contoured Rotated ODF 1ppg ' samplename ': 
Forsterite']); 
    colorbar; 
    colormap(map) 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsForsterite1ppg-
RODF_contoured_color.pdf']); 
    close; 
          
 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(ol_rodf_1ppg, h, 'lower', 'contourf'); 
    title(['Rotated Contoured ODF 1ppg ' samplename ': 
Forsterite']); 
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    colorbar; 
    mtexColorMap white2black 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsForsterite1ppg-
RODF_contoured_BW.pdf']); 
    close; 
         
    % Plot Rotated Enstatite ODF 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(en_rodf_1ppg, h, 'lower','contourf'); 
    title(['Contoured Rotated ODF 1ppg ' samplename ': 
Enstatite']); 
    colorbar; 
    colormap(map) 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsEnstatite1ppg-
RODF_contoured_color.pdf']); 
    close; 
          
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(en_rodf_1ppg, h, 'lower', 'contourf'); 
    title(['Rotated Contoured ODF 1ppg' samplename ': 
Enstatite']); 
    colorbar; 
    mtexColorMap white2black 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsEnstatite1ppg-
RODF_contoured_BW.pdf']); 
    close; 
         
    % Plot Rotated Diopside ODF 
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(di_rodf_1ppg, h, 'lower','contourf'); 
    title(['Contoured Rotated ODF 1ppg ' samplename ': 
Diopside']); 
    colorbar; 
    colormap(map) 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsDiopside1ppg-
RODF_contoured_color.pdf']); 
    close; 
          
    figure('position',[0, 0, 1024, 1024]); 
    plotpdf(di_rodf_1ppg, h, 'lower', 'contourf'); 
    title(['Rotated Contoured ODF 1ppg ' samplename ': 
Diopside']); 
    colorbar; 
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    mtexColorMap white2black 
    mkdir([pathname samplename '_Exports']); 
    epath = ([pathname samplename '_Exports']); 
    export_fig([epath '/PF-grainsDiopside1ppg-
RODF_contoured_BW.pdf']); 
    close; 
    end 
  
    %% Clear some variables 
    clear samplename; clear s; clear l; clear E; 
    end 
 
 
%% Export misorientations to a .txt file, which will be used to 
produce M-index histogram using a MATLAB GUI written by Skemer 
(2007). 
uncorr_ol=angle(calcMisorientation(grains('Forsterite'),'unco
rrelated')) 
  /degree; 
dlmwrite(sprintf('%s Olivine M-index.txt', crcname), 
uncorr_ol,' ');  
uncorr_di=angle(calcMisorientation(grains('Diopside'),'uncorr
elated')) 
  /degree; 
dlmwrite(sprintf('%s Diopside M-index.txt', crcname), 
uncorr_di,' ');  
uncorr_en=angle(calcMisorientation(grains('Enstatite'),'uncor
related')) 
  /degree; 
dlmwrite(sprintf('%s Enstatite M-index.txt', crcname), 
uncorr_en,' ');  
%% Calculate the J-index (Bunge, 1982) for olivine 
J_ol=textureindex(ol_odf); 
J_di=textureindex(di_odf); 
J_en=textureindex(en_odf); 
 
%% End MTEX script 
----------------------------------------------------------------- 
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